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INTRODUCTION 


The central depressant action of chlor- 
promazine, which has led to its extensive use 
in the management of chronically over-active 
psychotic patients (Delay and Deniker 1953; 
Elkes and Elkes 1954), has been investigated 
experimentally by a number of workers, many 
of whom have suggested a possible site of 
action for this drug. The induction of light 
sleep in patients receiving chlorpromazine led 
Terzian (1952) to suggest that the drug 
might be acting on the brain stem reticular 
formation, which has been shown by Moruzzi 
and Magoun (1949), and by Magoun (1952) 
and his co-workers to influence states of 
wakefulness in man and in animals. Das, 
Dasgupta and Werner (1954) injected chlor- 
promazine intravenously in monkeys and ob- 
served changes in the behaviour and EKG. 
They suggested that the changes which oc- 
eurred could be explained by a depressant 
action on the reticular formation of the brain 
stem rather than an interference with sensory 
pathways. Other investigators have set out 
to determine the site of action more spe- 
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cifically. Hiebel, Bonvallet and Dell (1954) 
have shown that chlorpromazine reduces the 
cortical response to alerting stimuli (auditory 
and olfactory), and also to electrical stimula- 
tion of the arousal system and the intravenous 
injection of small quantities of adrenaline. 
They concluded that the drug depressed the 
spontaneous activity of the reticular forma- 
tion and reduced its sensitivity to sensory 
stimuli. Lorigo, von Berger and Bovet (1954), 
working on curarised rabbits and the rabbit 
encéphale isolé preparation, obtained similar 
results and came to the same conclusion. 
With the exception of the experiments by 
Das et al. (1954) on monkeys, all the in- 
vestigations cited above were carried out on 
acute preparations in which only electrical 
responses could be studied. Das et al. studied 
changes in electrical activity of the brain 
simultaneously with behaviour when admin- 
istering chlorpromazine, but these experiments 
were, of necessity, in restrained animals, and 
in three only were they able to record the 
EEG before the drug was given. The im- 
portance of studying the effect of drugs in 
conscious chronic preparations in which the 
electrical activity of the brain and behaviour 
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ean be observed simultaneously has been 
emphasised elsewhere (Bradley and Elkes 
1956). 

In this study, we have examined the ef- 
fects of chlorpromazine and methopromazine 
on the behaviour and electrical activity of the 
brain in unrestrained conscious animals. We 
have also used these drugs in combination 
with other drugs whose effects are well known, 
and in a limited number of acute prepara- 
tions. 


METHODS 


Adult cats, of both sexes, and weighing 
between 2.5 and 4.0’ kg. were used in all 
experiments. 


(a) Conscious Chronic Preparations 


A total of 9 of these preparations has been 
used. The electrodes were implanted under 
aseptic conditions employing the technique 
which has been described previously (Bradley 
and Elkes 1953a). Experiments were carried 
out with the animal in a constant énvironment 
chamber in which behaviour could be observed 
through a slit in one wall, whilst the electrical 
activity was being recorded. This chamber, 
together with the recording apparatus, was 
placed in a sound-proofed room. At the begin- 
ning of each experiment the animal was al- 
lowed a period of acclimatization of 1-2 hours 
in the chamber before control recordings of 
electrical activity and an examination of 
behaviour were made. Observations of affect, 
sensory responses, motor activity and phy- 
siological state were entered on a suitably 
designed protocol. In this way behaviour ob- 
servations were standardised for different ob- 
servers and could be compared from one 
experiment to another. 

In 3 of the chronic preparations a Col- 
lison cannula (Feldberg and Sherwood 1953) 
was implanted in addition to the electrodes, 
in order that drugs could be injected directly 
into the ventricles of the brain. 


(b) Acute Preparations 


These were the so-called encéphale isolé 
and cerveau isolé of Bremer (1935 and 1936) 
and, in a few experiments, barbitone anaesthe- 
tised preparations. The encéphale isolé was 
prepared by transecting the spinal cord at 
the C, level with a blunt leucotome under full 
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ether anaesthesia, and the cerveau isolé by 
transection of the mid-brain at the intercol- 
licular level. The latter operation was usually 
carried out by aspiration of brain tissue with 
a fine pipette, under direct vision through a 
hemicraniotomy. The opposite hemisphere 
was then used for electrical recordings. The 
femoral vein was cannulated routinely for the 
injection of drugs and either the femoral or 
earotid artery for the recording of blood pres- 
sure. This recording was made either on a 
kymograph using a mercury manometer, or 
on the same record as the electrical activity 
by means of an electronic manometer. 


The electrodes used for recording the elec- 
trical activity of the brain in the acute pre- 
parations were identical with those implanted 
in the chronic preparations. The use of these 
did not involve exposure of the surface of the 
cortex and hence no special precautions as to 
control of temperature and dehydration were 
necessary. All recordings were made on Edison 
Swan portable four-channel recording equip- 
ment. 


(c) Drugs 


The drugs used were, as far as possible, 
prepared freshly for each experiment by 
dissolving the pure substance in sterile distil- 
led water. In some cases manufacturers’ solu- 
tions were used. The drugs employed were: 

Chlorpromazine hydrochloride, 4560 R.P., Metho- 
promazine acid maleate, 4632 R.P. (May & Baker, 
Ltd.); r-Amphetamine sulphate (Menley & James, 
Ltd.) ; d-Lysergie acid diethylamide (LSD 25) (San- 
doz Products, Ltd.) ; Atropine sulphate, Physostigmine 
sulphate, Ephedrine hydrochloride (British Drug 
Houses, Ltd.); Neostigmine methylsulphate (Roche 
Products, Ltd.); 1-nor-Adrenaline bitartrate (Bayer 
Produets, Ltd.). 


RESULTS 


(a) In the conscious animal 


The electrical activity of the brain in the 
unrestrained conscious cat has been described 
previously (Bradley 1952; Bradley and Elkes 
1956). This activity in the normal animal, 
correlates closely with the behavioural state. 
In the experiments described here, when the 
animals were left undisturbed they became 
drowsy and in some cases appeared to be 
asleep, often curled up in a characteristic 


way. In this state, the electrical activity con- 
sisted of slow waves, often of large amplitude, 
together with bursts of spindles at 9-12 ¢/sec. 
(fig. 1 A). Suitable stimuli (auditory or 
tactile) caused an arousal or alerting response 
(Rheinberger and Jasper 1937), in which the 
eat lifted its head and opened its eyes, and in 
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ed, it would usually return to the drowsy 
state and there was a corresponding change 
in the electrical activity. In some animals 
during this transition, bursts of rhythmie 5-8 
e/seec. waves appeared in the electrocortico- 
gram which have been associated with an inter- 
mediate, ‘‘quiet’’ behavioural state (fig. 1B). 


‘ 


Fig. 1 


Typical records of the electrocortical activity of a normal conscious eat in 


behavioural states. 


different 


A. Arousal from the drowsy state through a sensory stimulus (noise) at ‘‘S’’. 


B. Quiet. 


some cases rose to its feet. At the same time, 
the slow waves in the electrocorticogram were 
blocked and only low voltage fast activity at 
15-30 e/see. remained. This has been ealled 
the ‘‘alert’’ type of pattern and the slow 
waves and spindles have been ealled the 
‘‘drowsy’’ pattern. If, after an arousal had 
been obtained, the animal was left undisturb- 


(1) Chlorpromazine 

This drug was used either alone or in 
combination with other drugs in a total of 
68 experiments in conscious chronic prepara- 
tions and in 36 of these experiments it was 
the first drug to be given. Consistent changes 
in the behaviour and in the electrical activity 
of the brain were observed. with doses of 15 to 
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20 mg/kg. by intraperitoneal injection and 
3.0 to 4.0 mg/kg. intravenously. The animals, 
which had been previously friendly or affec- 
tionate, became indifferent both to the envi- 
ronment and to the observer, and in 9 exper- 
iments were slightly aggressive when disturb- 
ed. Following chlorpromazine some ataxia 
was noted. The animals were unable to rise, 
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the intraperitoneal route. 


a sensory stimulus ‘‘S’’. 


and if placed on their feet, they usually made 
no attempt to walk or remain standing, but 
sank to the floor immediately. Muscle tone 
remained unchanged, however. There was no 
longer any response to auditory, visual or 
tactile stimuli, and little response to painful 
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stimuli (pinching the tail or paws) unless 
such stimuli were prolonged. Relaxation of 
the nictitating membrane was always observed, 
and in 13 experiments slight dilation of the 
pupils occurred. There was little change in 
the rate of respiration. 

The electrical activity of the cortex re- 
flected the changes in behaviour induced by 


r 


Fig. 2 


Records from an experiment in a chronic preparation in which chlorpromazine was given by 
A. Control record of the conscious animal showing arousal from the drowsy state through 


B. 20 min. after the injection of 15 mg/kg. chlorpromazine hydrochloride intraperitoneally. 
An arousal response could no longer be elicited at ‘‘S’’. 


the drug. The record was usually dominated 
by irregular waves at 5-8 ¢/sec. and with an 
amplitude of 150-250 »V. (fig. 2 B and 3 B). 
In one preparation this activity was seen to 
be more regular and at a slightly higher fre- 
queney (9-11 ¢/see.) and in other animals, 


lower voltage activity at 10-15 ¢c/sec. accom- 
panied the irregular 5-8 c/sec. waves. Slow 
waves at 2-4 ¢/sec., varying considerably in 
amplitude, were also observed. An arousal 
response could no longer be elicited after 
chlorpromazine had been given (fig. 2 B), 
and this was consistent with the absence of a 
behavioural response. In a few experiments 
the slow activity was slightly reduced in am- 
plitude for 1 or 2 sec. after the arousal stim- 
ulus was given, and in these a slight movement 
of the head or ears was noted. Alerting of 
the electrical activity or behaviour was never 
observed after chlorpromazine had been ad- 
ministered. 


The effects of intravenous injections of 
chlorpromazine (fig. 3 B) were almost iden- 
tical with those observed with the intraperi- 
toneal route, but the injection of 3.0-4.0 
mg/kg. of the drug appeared to cause a brief 
loss of consciousness, lasting for about 1 min. 
This may have been due to an abrupt fall in 
blood pressure. There was also a temporary 
increase in the rate of respiration after intra- 
venous injections. 

Recovery from the effects of the drug 
was complete in 48-72 hours, and within 24 
hours the animals were usually feeding nor- 
mally. 

In three preparations chlorpromazine was 
injected into the lateral ventricles of the brain 
through an implanted Collison cannula. In 
these experiments a sterile solution of pure 
chlorpromazine hydrochloride in _ distilled 
water was prepared each time. Following 
doses of 0.5 mg/kg. the animals were quieter 
and showed little interest in the environment, 
whilst the electrical activity consisted of 
rhythmic waves at 12-15 ¢/see. with some 
slower components. With a total dose of 1.0 
mg/ke., ataxia was more marked and there 
was no longer a response to sensory stimuli. 
The electrocorticogram showed 3-5 ¢/sec. ir- 
regular waves together with 12 ¢/see. activity 
(fig. 3 C) and an arousal response could no 
longer be elicited. None of these effects was 
seen with control injections of distilled water. 


(ii) Methopromazine 


In 7 experiments in conscious chronic pre- 
parations methopromazine was injected intra- 
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peritoneally in doses of 20-30 mg/kg. The 
effects on behaviour closely resembled those 
observed with chlorpromazine; the animals 
became indifferent and ataxic, and showed no 
response to sensory stimuli. The nictitating 
membranes were relaxed, and in one exper- 
iment the pupils dilated. In none of these 
experiments was any change in the rate of 
respiration observed. However, there were 
minor differences between the effects of the 
two drugs. Even after the largest doses of 
methopromazine (30 mg/kg.) the animals 
were sometimes restless and in two experiments 
showed slight aggression when disturbed. 
A further feature observed with methoproma- 
zine was that in all the experiments in which 
this drug was used, retching and vomiting 
were noted during the first half hour after its 
administration; they were not seen with 
chlorpromazine. 

The effects of methopromazine on the elec- 
trocortical activity were similar to those of 
chlorpromazine. In the above doses metho- 
promazine caused irregular 4-7 ¢/sec. waves 
to appear together with smaller amplitude 
11-14 ¢/see. activity, and in most experiments 
there were some slow waves at 2-3 ¢/sec. as 
well. This pattern differed from that induced 
by chlorpromazine, in that it was interrupted 
for long periods by low voltage, fast activity, 
but this was consistent with the greater rest- 
lessness of the animals. In spite of the ap- 
pearance of low voltage fast activity from 
time to time, the irregular activity, when pre- 
sent, did not respond to arousal stimuli. 


(iii) Combinations of chlorpromazine with 
amphetamine and lysergic acid diethyl- 
amide (LSD 25). 


R-amphetamine sulphate (2.0-5.0 mg/kg. 
intraperitoneally) and LSD 25 (15-20 ne/kg., 
intraperitoneally) both produce alerting of 
electrical activity and behaviour in the normal 
conscious cat (Bradley and Elkes 1953b, 
1956), although their effects differ slightly 
according to the experimental conditions. In 
these experiments amphetamine caused the 
animals to become restless and in some eases 
excited, whilst the electrical activity was of 
the type seen in the fully alert animal, i.e. low 
voltage fast activity at 15-30 ¢c/sec. (fig. 4B). 
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Fig. 3 


Records from two separate experiments in the same preparation, in one of which chlorpromazine 
Was given intravenously, and in the other into the lateral cerebral ventricle. 


A. Control record showing an arousal response. 
B. 16 min. after the injection of 4.0 mg/kg. chlorpromazine hydrochloride intravenously. 


C. Another experiment with the same preparation, 16 min. after the injection of 0.6 mg/kg. 
chlorpromazine hydrochloride into the lateral ventricle of the brain. 


EFFECT OF CHLORPROMAZINE ON EEG OF CAT 


EXP. 233/18. 


A "| 
MN WA ranting INH rnensrominrarr 
OO DTA 


ian 


: 
tM aftr me A flee hy 
eae Abt aN ertaencmnnl YA“ cat 
oh wast Wonton perenne an MgheshonAytnennenyen pum 


vamncr fing Mm Abn Pmonnpdy vy 


Fig. 4 


Records from an experiment in which r-amphetamine was administered to the conscious cat 
and followed by chlorpromazine. 


. Control record showing arousal. 

. 15 min. after the intraperitoneal injection of 6.0 mg/kg. r-amphetamine sulphate. 

. 35 min. after the subsequent injection of 19 mg/kg. chlorpromazine hydrochloride intra- 
peritoneally. 
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On the other hand, LSD 25 caused the animals 
to become more restless and alert, but the 
electrical activity showed occasional bursts of 
rhythmic activity at 4-6 c/sec. alternating 
with the fast low voltage activity of the alert 
state (fig. 5B). Since these experiments were 
conducted in a sound-proofed room, extra- 
neous sounds were reduced to a minimum; 
the influence of the environment in relation 
to the effects observed with LSD 25 in the 
conscious animal has been discussed elsewhere 
(Bradley and Elkes 1956). 

Chlorpromazine (15 mg/kg. intraperi- 
toneally) was given after r-amphetamine in 
4 experiments and after LSD 25 in another 4. 
In these experiments chlorpromazine blocked 
both the behavioural and electrical effects of 
amphetamine and LSD 25 and produced its 
own characteristic effects on behaviour and 
electrical activity (fig. 4C and 5C). In one 
experiment a larger dose of r-amphetamine 
(12.5 mg/kg.) was employed and more mark- 
ed peripheral effects observed. These consist- 
ed of dilation of the pupils, salivation, in- 
creased respiratory rate, and erection of the 
fur. With the exception of the pupil difation, 
chlorpromazine suppressed all these effects, 
and produced in the electrocorticogram ir- 
regular 5-8 ¢/sec. activity and slow waves 
which could not be blocked by the usual 
arousal stimuli. 

In 7 experiments amphetamine was in- 
jected after chlorpromazine, but failed to 
modify either the electrical or behavioural 
effects of the latter drug even though, in three 
of these experiments, the doses of amphetamine 
were increased to 6-12 mg/kg. In another 
series of 5 experiments LSD 25 was given 
after chlorpromazine and failed to alter be- 
haviour or the electrocorticogram even when 
doses of up to 90 pg/kg. were used. 


(iv) Methopromazine and r-amphetamine 


In 2 experiments methopromazine, in doses 
of 25 mg/kg. (intraperitoneally) was followed 
by amphetamine. The effects of the latter 


drug on electrical activity and behaviour 
failed to appear even when the dose was in- 
creased to 10 mg/kg. (intraperitoneally). 
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(v) Combinations of chlorpromazine with phy- 
sostigmine, neostigmine and atropine. 


The effects of physostigmine, neostigmine 
and atropine on the electrical activity of the 
brain of the conscious cat have been described 
(Bradley and Elkes 1953c, 1956). Physostig- 
mine in doses of 0.1-0.4 mg/kg. (intraperi- 
toneally) produces low voltage, fast activity 
in the electrocorticogram but without alerting 
of behaviour (fig. 6B). Atropine, on the other 
hand, in doses of 1.5-3.0 mg/kg. (intra- 
peritoneally) causes the appearance of slow 
waves similar to those seen in the drowsy or 
sleeping animal, but in fact does not induce 
sleep. The slow waves associated with atro- 
pine do not respond to arousal stimuli, al- 
though the latter produce a normal be- 
havioural response. Thus, with these two 
drugs there is a dissociation between the 
electrical activity of the brain and behaviour 
(Wikler 1952; Bradley and Elkes 1956). Ne- 
ostigmine has no effect on electrical activity 
unless doses large enough to produce peri- 
pheral effects are used. 


Chlorpromazine in doses of 13-30 mg/kg. 
(intraperitoneally) has been used in combi- 
nation with physostigmine in 6 experiments. 
In 4 of these, physostigmine was given first 
in doses of 0.1-0.4 mg/kg. (intraperitoneally ) 
and it was found that even when the largest 
doses of chlorpromazine (30 mg/kg.) were 
used, the low voltage fast activity due to phy- 
sostigmine persisted, and the electrical pat- 
terns characteristic of chlorpromazine failed 
to appear (fig. 6C). Occasionally short bursts 
of low voltage activity at 6-7 c/sec. appeared 
but these were very easily blocked by sensory 
stimuli. The ataxia, indifference to sensory 
stimuli and relaxation of the nictitating mem- 
brane still appeared and these animals thus 
presented the behavioural picture character- 
istic of chlorpromazine, whilst the electrical 
activity was that associated with physostig- 
mine. In the other 2 experiments in this 
series, chlorpromazine was administered first 
and followed by physostigmine. It was found 
that whereas the ataxia and indifference re- 
mained unchanged when physostigmine was 
injected, the slow and irregular 5-8 ¢/see. 
electrical activity was abolished and replaced 
by low voltage fast activity (fig. 7c). 
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Fig. 5 
Records from an experiment in which LSD 25 was given to the conscious animal and followed 
by chlorpromazine. 
A. Control record showing an arousal response. 
B. 12 min. after an intraperitoneal injection of 43 we/kg. LSD 25. 


C. 14 min. after the subsequent injection of 18 mg/kg. chlorpromazine hydrochloride intra- 
peritoneally. 
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Neostigmine in doses of 0.1-0.4 mg/kg. 
(intraperitoneally) was used in combination 
with chlorpromazine in 3 experiments. In 2 
neostigmine was injected first and in the 
other it was given after chlorpromazine. In 
none of these experiments did this drug mo- 
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dify in any way the behavioural and electrical 
effects induced by chlorpromazine, nor did it 
block the effects of the latter. The doses of 
neostigmine used were large enough to pro- 
duce peripheral effects, increased rate of 
respiration, bradycardia, increased muscle 
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Figure 6 


A. Control record of the normal conscious cat showing an arousal response. 
B. 14 min. after an intraperitoneal injection of 0.1 mg/kg. physostigmine sulphate. 
C. 21 min. after 15 mg/kg. chlorpromazine hydrochloride intraperitoneally. 
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tone, salivation, vomiting and defaecation. Atropine was used in combination with 
These effects, with the exception of salivation chlorpromazine in 12 experiments. The doses 
which was suppressed, were not blocked by of atropine were 0.3-5.7 mg/ke., and those of 
chlorpromazine. ehlorpromazine 7.4-32.0 mg/kg. In 7 exper- 
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Fig. 7 
A. Control record of the normal conscious cat showing an arousal response. 
B. 17 min. after an intravenous injection of 4.0 mg/kg. chlorpromazine hydrochloride. 
C. 25 min. after 0.2 mg/kg. physostigmine sulphate had been given intraperitoneally. 
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Fig. 8 


A. Control record of the normal conscious cat showing an arousal through a_ sensory 


stimulus ‘‘S’’. 

B. 47 min. after an intraperitoneal injection of 0.3 mg/kg. atropine sulphate, showing that a 
sensory stimulus ‘‘S”’’ still produces an arousal response. 

C. 45 min. after 15 mg/kg. chlorpromazine hydrochloride intraperitoneally. The sensory 
stimulus ‘‘S’’ no longer elicits an arousal response. 
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iments atropine was administered first, in 5 
in doses sufficient to produce slow waves in 
the electrocorticogram which did not block 
with sensory stimuli (1.5-3.0 mg/kg.). When 
chlorpromazine was subsequently injected, it 
was found that this drug had no effect on the 
electrical activity, but still produced its usual 
effects on behaviour, i.e. ataxia and indif- 
ference. In the other 2 experiments in which 
atropine was given first, it was administered 
in smaller doses (0.3-0.6 mg/kg.). These were 
insufficient to produce continuous slow ac- 
tivity (fig. 8B), but the latter appeared in 
the record after chlorpromazine was given 
(fig. 8C). In 5 experiments in which chlor- 
promazine was injected first (15-20 mg/kg.) 
and followed by atropine (0.5-1.2 mg/kg.) 
the slow activity appeared with smaller doses 
of atropine than those required to produce a 
corresponding effect in an animal which had 
not been treated with chlorpromazine (fig. 
9c). The behavioural effects associated with 
chlorpromazine were however, completely un- 
affected by the subsequent administration of 
atropine. As was seen with physostigmine, 
the behavioural effects here were those asso- 
ciated with chlorpromazine, but the electrical 
activity of the cortex was that typically seen 
with atropine. 


(vi) Combinations of methopromazine with 
physostigmine and atropine. 


In two experiments methopromazine (30 
mg/kg.) was followed by physostigmine 
(0.2 mg/kg.) and atropine (0.5 mg/kg.), 
respectively. The effects were similar to those 
observed when these two drugs were used in 
combination with chlorpromazine. Physostig- 
mine changed the electrical activity to low 
voltage fast activity and, after the injection 
of atropine, large amplitude slow waves ap- 
peared. In neither case was the behaviour 
state induced by methopromazine modified in 
any way. It was found that the dose of 
atropine required to produce continuous slow 
waves in the electrocorticogram was smaller 
when given after methopromazine than that 
required in the normal animal. 


(vii) Chlorpromazine and sodium pentobar- 
bitone. 
Sodium pentobarbitone was used in 3 ex- 
periments with chronic preparations. In one 
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it was given in a dose sufficient to produce 
mild sedation (7.0 mg/kg.), and in the other 
2 to produce a light state of anaesthesia 
(11.5-18.0 mg/kg.). In the latter state the 
animals were not fully relaxed and still re- 
sponded to painful stimuli, whilst the electro- 
corticogram showed spindle activity at 
10-12 c/see. together with some 6-10 c/see. 
activity and slow waves (fig. 10B). With the 
smallest dose there was only 10-12 ¢/see. 
activity which contained bursts at higher 
amplitude. In all 3 experiments sensory 
stimuli or handling caused a brief alerting of 
the electrical activity. 

In these experiments chlorpromazine was 
subsequently administered in doses of 9.0- 
20.0 mg/kg. (intraperitoneally). The effect 
of this drug was to reduce muscle tone and 
movement but there was no detectable change 
in the electrical activity of the cortex 
(fig. 10C). An arousal response could no 
longer be elicited. 


(vill) Chlorpromazine and ephedrine. 


It was considered that the presence of 
slow waves in the electrocorticogram follow- 
ing the administration of chlorpromazine 
might be due to cerebral anaemia resulting 
from a fall in the blood pressure. Therefore, 
in 4 experiments, ephedrine in doses between 
1.0 and 7.0 mg/kg. was given in an attempt 
to maintain or raise the blood pressure level. 
In 2 of these experiments, ephedrine was 
given first in doses of 2.0-3.0 mg/kg. and 
its main effects were to cause tachypnoea and 
pilo-erection. At the same time the electro- 
corticogram showed an increase in the amount 
of fast activity present, but this correlated 
with the behavioural state. Chlorpromazine in 
doses of 15-20 mg/kg. (intraperitoneally) 
reduced the respiratory rate and abolished 
the pilo-erection. It also caused irregular 
5-8 e/sec. activity and slow waves to ap- 
pear in the electrocorticogram and produced 
its usual ataxia and indifference. In the 2 
experiments in which chlorpromazine was in- 
jected first (fig. 11B), ephedrine did not 
modify the behavioural affects produced by 
this drug and had only a very slight effect 
on the electrical activity. This consisted of 
a slight lowering of the amplitude of all fre- 
quencies recorded (fig. 11C). 
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Fig. 9 
A. Control record of the normal conscious cat showing an arousal response. 
B. 35 min. after 15 mg/kg. chlorpromazine hydrochloride intraperitoneally. 
C. 14 min. after the subsequent intraperitoneal injection of 1.2 mg/kg. atropine sulphate. 
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Fig. 10 
A. Control record showing an arousal response in the normal conscious eat. 
B. 40 min. after an intraperitoneal injection of 11.5 mg/kg. sodium pentobarbitone. 


C. 50 min. after a subsequent injection of 21 mg/kg. chlorpromazine hydrochloride intra- 
peritoneally. 
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Fig. 11 


A. Control record of the normal conscious cat showing arousal. 
B. 60 min. after 15 mg/kg. chlorpromazine hydrochloride intraperitoneally. 
C. 25 min. after an intraperitoneal injection of 2.0 mg/kg. ephedrine hydrochloride. 


(b) In acute preparations. 


1. Barbitone anaesthetised preparations. 

In an early series of experiments, 5 cat 
preparations anaesthetised with sodium pen- 
tobarbitone (380-40 mg/kg.) were used, but 
this type of preparation was later discon- 
tinued, as it was found to be unsatisfactory. 
In these experiments blood pressure was re- 
eorded on a kymograph simultaneously with 
the electrical activity of the brain. 

Chlorpromazine, injected intravenously in 
doses of less than 2.0 mg/kg. had no effect on 
the electrical activity of the cortex, blood 
pressure or cardiac rate. The immediate 
effect of doses greater than 4.0 mg/kg. was 
to cause a complete flattening of the electrical 
record corresponding to a sharp fall in the 
blood pressure of over 50 per cent. After an 
interval of 1 or 2 min. the blood pressure 
began to rise again slowly, and eventually 
slightly exceeded the previous mean before 
settling down to a constant level. The elec- 
trical activity reappeared as the blood pres- 
sure rose and consisted at first of rhythmic 
6-10 c/seec. waves, followed by 5-7 @/sec. 
spindles. The only feature which distinguish- 
ed the record following 4.0 mg/kg. or more of 
chlorpromazine from that of the animal under 
pentobarbitone alone, was that the frequency 
of the spindle activity was reduced from 
8-10 c/see. to 5-7 e/see. Cardiac rate was un- 
affected unless doses of chlorpromazine in ex- 
cess of 12 mg/kg. were used; these produced 
bradycardia. In 4 experiments nor-adrenaline 
was given as a continuous intravenous infu- 
sion, but did not prevent the blood pressure 
fall and disappearance of electrocortical ac- 
tivity following the intravenous injection of 
4.0-13.0 mg/kg. of chlorpromazine. 

In one experiment chlorpromazine was in- 
jected in divided doses into the lateral ven- 
tricle of the brain using a Collison cannula. 
Although a total dose of 0.6 mg/kg. was in- 
jected, no immediate changes in blood pres- 
sure or electrical activity were observed. 
Similarly, no effects were observed when 
chlorpromazine in doses of 1.5 and 3.5 mg/kg. 
was injected into the common carotid artery 
in one of the pentobarbitone anaesthetised 
preparations. 

In one experiment in which 13 mg/kg. of 
chlorpromazine had been injected intra- 
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venously it was followed by 0.9 mg/kg. of 
physostigmine. The spindle activity was abo- 
lished and large amplitude rhythmic activity 
at 5-7 c/sec. appeared. This activity was 
similar to that observed with physostigmine 
alone in the barbitone anaesthetised prepara- 
tions (Bradley and Elkes 1956). 


2. Encéphale rsolé preparations. 


This preparation, in which the spinal cord 
is transected at the C; level (Bremer 1936) 
provides a means of studying the effects of a 
drug on the electrical activity of the brain 
and on blood pressure simultaneously. Since 
it still responds to arousal stimuli and two 
states, ‘‘sleeping’’ and ‘‘ waking’’, can be dis- 
tinguished both behaviourally and in terms 
of electrical activity, this preparation is par- 
ticularly useful in the study of drugs which 
affect states of consciousness. 


The effects of intravenous injections of 
chlorpromazine have been studied in eight 
encéphale isolé preparutions and were of two 
types: (a) those which occurred in the first 
few minutes following the injection and were 
short lived, and (0b) those which took longer 
to appear and which persisted throughout the 
experiment. 


When comparatively small doses of chlor- 
promazine (0.2-1.0 mg/kg.) were injected in- 
travenously, the spindles and slow waves 
characteristic of the sleeping state in the 
encéphale isolé preparation were either block- 
ed or considerably reduced in amplitude 
(fig. 12B). The onset occurred between 
30 sec. and 3 min. after the injection and 
the effect lasted for 30-120 see. During this 
period the electrical activity consisted mainly 
of 10-15 e/see. waves. The injection was 
usually accompanied by a slight transient rise 
and fall in blood pressure, but these changes 
were always complete before the blocking of 
the slow waves and spindle activity was 
observed. No changes in the behavioural 
state of the preparation were seen. Usually 
this effect was obtained only with the first 
injection; it was rarely seen with a second 
injection, even with small doses and it was 
never observed when doses greater than 1.0 
mg/kg. were used. 

Different effects were observed with doses 
in excess of 1.5 mg/kg. It was found that a 
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Fig. 12 
Records from an acute experiment (encéphale isolé preparation) in which a small dose of 
chlorpromazine was given. 
A. Control record with the preparation ‘‘sleeping’’. 
B. 30 see. after 0.5 mg/kg. chlorpromazine hydrochloride had been injected intravenously. 
C. 2 min. after the same injection of 0.5 mg/kg. chlorpromazine hydrochloride. 
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preparation which had previously been easy 
to arouse by auditory or mild tactile stimuli 
(applied to the head), could no longer be 
alerted in this way and proved difficult to 
arouse even by handling. Slow waves at 
1-3 e/see. were increased in amplitude and 
were more continuous in the record, and 
irregular 5-8 ¢/see. activity became more 
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In two experiments in which nor-adrena- 
line was given as a continuous intravenous 
drip, it did not modify the effect of chlorpro- 
mazine although the mean arterial blood pres- 
sure was raised. The slow waves and irregular 
activity induced by the injection of 1.5-4.0 
mg/kg. of chlorpromazine persisted in spite 
of the high blood pressure, and a further in- 
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Fig. 13 


Records from an acute experiment (encéphale isolé preparation). 
A. Control record with the preparation ‘‘sleeping’’. 
B. 4 min. after the intravenous injection of 2.0 mg/kg. chlorpromazine hydrochloride. 


marked (fig. 13B). These effects persisted 
throughout the experiment. The injection of 
chlorpromazine in doses of 4.0-8.0 mg/kg. 
(intravenously) caused a fall in blood pres- 
sure and a corresponding flattening of the 
electrocorticogram, followed by a slow re- 
covery similar to that seen with the barbitone 
anaesthetised preparation. 


jection of 4.0-8.0 mg/kg. of chlorpromazine 
still caused a fall in pressure and flattening 
of the electrocorticogram. 

In three experiments, ephedrine was in- 
jected intravenously in doses of 2.0-5.0 mg/kg. 
following chlorpromazine, but although a rise 
in blood pressure occurred, the electrical ac- 
tivity remained unaltered. 
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In one experiment in which 8.0 mg/kg. 
of chlorpromazine had been injected, it was 
followed by r-amphetamine in a dose of 
16 mg/kg. The latter had no effect on the 
slow wave and spindle activity, although in 
the normal encéphaie isolé it is effective in 
much smaller doses (1.5-3.0 mg/kg.). In this 
same preparation and in two others, 0.2 
mg/kg. of physostigmine was subsequently 
injected and blocked both the slow waves 
and the spindle activity. 


In a further three encéphale isolé pre- 
parations, in which a Collison cannula to- 
gether with recording electrodes was inserted 
into the skull, chlorpromazine was injected 
into the lateral ventricle in doses of 0.25-4.0 
mg/kg. In two of these experiments no change 
in electrical activity was observed, but in the 
third the slow waves and spindle activity be- 
came more pronounced. These doses of chlor- 
promazine were also found to block the blood 
pressure rise caused by an intravenous injec- 
tion of 5-40 pe. of adrenaline. 


3. Cerveau isolé preparations. 


The effects of chlorpromazine were ex- 
amined in 8 preparations of this type. In 4 
the mesencephalic section was at the inter- 
eollicular level, passing rostrally to the sella 
turcica, and in the other 4 the section was 
slightly more caudal. In all except one, in 
which only a unilateral transection was made, 
the cortical activity consisted of slow waves 
or spindles and an arousal response could not 
be obtained. Chlorpromazine in doses of 
0.2-2.0 mg/kg. had no effect on the electro- 
cortical activity of these preparations and 
only the slight rise and fall in blood pressure 
associated with the injection was observed. In 
the preparation in which only a unilateral 
transection of the mid-brain had been per- 
formed, the effects following the injection of 
0.5 mg/kg. of chlorpromazine were similar to 
those observed with small doses in the encé- 
phale isolé, namely a transient blocking of 
the slow waves and spindle activity, lasting 
for about 60 sec. This preparation behaved 
in much the same way as an encéphale isolé 
preparation before chlorpromazine was in- 
jected, and it responded both behaviourally 
and electrically to arousal stimuli. 
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Doses of chlorpromazine in excess of 5.0 
mg/kg. caused a pronounced fall in blood 
pressure and a flattening of the electro- 
cortical activity similar to that observed when 
doses of this order were used with the encé- 
phale isolé and barbitone anaesthetised pre- 
parations. In one experiment, however, this 
effect was observed with a dose of 0.2 mg/kg. 


DISCUSSION 


The results of the experiments described 
above are summarised in table I. The effects 
produced by chlorpromazine alone in the 
conscious unrestrained cat seemed to be in- 
dependant of the route by which the drug was 
given, but there were marked differences in 
the doses required. Similar effects were pro- 
duced by 0.5-1.0 mg/kg. intraventricularly, 
3.0-4.0 mg/kg. intravenously, 15-20 mg/kg. 
intraperitoneally and 20-30 mg/kg. intramus- 
cularly. These are in agreement with the 
general range of doses used by other workers. 
For example, Courvoisier et al. (1953) found 
that 10 mg/kg. was necessary to produce 
locomotor difficulty in dogs when given sub- 
cutaneously, and Boyd et al. (1953) used 
up to 40 mg/kg. orally. The intraperitoneal 
route, which was found to be the most con- 
venient for repeated injections in the con- 
scious cat, was used in most of our ex- 
periments, and accounts in some measure 
for the large doses employed. In all these 
experiments full recovery occurred within 48 
to 72 hours and, despite repeated injections 
of chlorpromazine (and other drugs), the 
animals remained healthy and no change in 
their demeanour or behaviour was observed. 

The effects which we observed with chlor- 
promazine in the conscious unrestrained cat 
are in close agreement with the findings of 
Das, Dasgupta and Werner (1954) in the 
conscious monkey. In all their experiments 
chlorpromazine was injected intravenously 
and they found that doses between 0.7 and 
2.0 mg/kg. were required. We have had an 
opportunity to inject chlorpromazine intra- 
venously into a number of monkeys and ob- 
serve their behaviour. We found that in 
these animals, doses of 1.5 mg/kg. or less, 
frequently caused drowsiness. There would 
therefore appear to be a species difference 
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between the cat and monkey in terms of the 
effective intravenous dose of chlorpromazine. 

It seems unlikely for a number of reasons 
that, with the exception of the immediate ef- 
fects of the intravenous injections, the effect 
of chlorpromazine in the conscious animal was 
due to any depression of blood pressure by 
the drug. Firstly, in experiments on the 
anaesthetised dog, Courvoisier et al. (1953) 
found that intravenous injections of 1.0-5.0 
mg/ke. had little effect on blood pressure, 
and our own experiments on barbitone an- 
aesthetised preparations and on the encéphale 
isolé confirm this. When large enough doses 
to cause a blood pressure fall were used, the 
latter was usually transient, whereas the 
effects of chlorpromazine in the conscious 
animal persisted. Secondly, no change in 
blood pressure was observed by Cathala and 
Pocidalo (1952) when they injected 2.0 
mg/ke. of the drug into the lateral ventricles 
although ataxia was produced. Our own ex- 
periments in which chlorpromazine was in- 
jected intraventricularly, both in the con- 
scious animal and in the encéphale isolé, 
eonfirm this. Thirdly, the injection of ephe- 
drine, either before or after chlorpromazine, 
did not block or modify the effects of this 
drug, although ephedrine still produced a rise 
in blood pressure when injected after chlor- 
promazine in the encéphale isolé. These facts 
lend support to the suggestion that the effects 
on behaviour and electrical activity of the 
brain observed with chlorpromazine in the 
conscious animal are due to a direct action 
by the drug on the central nervous system. 
This is further supported by the observation 
that intraventricular injections of chlorpro- 
mazine in the encéphale isolé blocked the pres- 
sor response to adrenaline. 

Methopromazine produced effects similar 
to those which were observed with chlorpro- 
mazine, but the effects both on behaviour and 
on electrical activity were less marked in 
spite of the larger doses used. This compound, 
which differs from chlorpromazine only by 
the presence of a methoxy (-OCH3) group 
instead of a chlorine atom on the pheno- 
thiazine nucleus (Charpentier et al. 1952), is 
reported to have similar pharmacological 
properties to chlorpromazine, although in 
some tests it was slightly less effective (May 
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and Baker 1955). The difference between the 
effective doses of chlorpromazine and me- 
thopromazine in our experiments cannot be 
accounted for by the difference in the mole- 
cular weights of the salts in relation to the 
base (chlorpromazine being the hydrochloride 
and methopromazine the acid maleate). Thus, 
in terms of its central depressant effect, me- 
thopromazine would appear to be slightly 
weaker than chlorpromazine, as suggested by 
the difference in the doses required and by 
the qualitative differences in the effects. 

In our experiments, chlorpromazine had 
no effect on the cerveau isolé preparation pro- 
vided the midbrain transection was complete, 
and provided the doses used were insufficient 
to cause a marked drop in blood pressure. Das, 
Dasgupta and Werner (1955) have reported 
that small doses (0.2 mg/kg.) were sufficient 
to block the slow waves and spindles in this 
preparation. However, they do not say whe- 
ther there was any corresponding change in 
blood pressure. In one of our experiments 
with this preparation we obtained a marked 
blood pressure fall with 0.2 mg/kg. and a 
corresponding blocking of cortical activity. 
In another preparation in which the mid- 
brain transection was unilateral, the slow 
waves and spindles were temporarily blocked 
when chlorpromazine was injected. The effects 
obtained by Das, Dasgupta and Werner could 
therefore be due to either a change in the 
blood pressure level or an incomplete tran- 
section. 

In our experiments, chlorpromazine had 
an effect on the intact animal and the encé- 
phale isolé, but not on the cerveau isolé (table 
I). This suggests that the drug might be 
exerting its influence on some structure si- 
tuated between the two planes of section of 
the acute preparations, i.e. between the upper 
spinal cord and the mesencephalon. This cor- 
responds to the region in which the brain 
stem reticular activating system has been lo- 
eated (Magoun 1952) and is also the region 
which, for different reasons, has been sug- 
gested as the site of action of chlorpromazine 
by other workers (Terzian 1952; Hiebel et al. 
1954; Longo et al. 1954). Further support 
for this suggestion comes from the results of 
the experiments in which chlorpromazine was 
used in combination with other drugs. The 
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effects of amphetamine and LSD 25, both on 
behaviour and electrical activity of the brain, 
were completely blocked by chlorpromazine. 
There is strong evidence to suggest that am- 
phetamine, and possibly LSD 25 as well, pro- 
duce their effects by an action on receptors 
situated at the level of the brain stem (Bradley 
and Elkes 1953b, 1956). The facts that 
neither chlorpromazine nor amphetamine 
have any effect on the cerveau isolé prepara- 
tion and that chlorpromazine blocks the effects 
of amphetamine, both in the intact animal and 
in the encéphale isolé, support the suggestion 
that chlorpromazine exerts its depressant ef- 
fect on the arousal system. The recent sug- 
gestion (Bonvallet, Dell and Hiebel 1954) 
that this system may contain an adrenergic 
element might form a possible link between 
the central depressant action and the anti- 
adrenaline action of chlorpromazine. The re- 
sults of our experiments with intraventricular 
injections of this drug in the encéphale isolé 
indicate that the antagonism to the adrenaline 
pressor response may be a central effect. 
When chlorpromazine was used in combi- 
nation with atropine and physostigmine, it 
was noticed that these drugs still produced 
their characteristic effects on electrical ac- 
tivity, but the behavioural effects of chlorpro- 
mazine predominated. However, atropine and 
physostigmine produce effects on electrical 
activity in the conscious animal which are 
unrelated to behaviour and also influence the 
electrical activity of the cerveau isolé (Bra- 
dley and Elkes 1953c, 1956). This led us to 
suggest that it is unlikely that these drugs 
act on the brain stem reticular formation in 
producing the effects observed and that this 
system is probably not predominantly cho- 
linergic. If chlorpromazine does act on the 
reticular formation and these drugs do not, 
then it might be expected that they would 
modify electrical activity whilst the _ be- 
havioural effects of chlorpromazine persisted. 
There seemed to be some synergism be- 
tween the electrical effects of atropine and 
chlorpromazine since, when the latter drug 
was given, the doses of atropine required were 
from 5-10 times smaller than those needed for 
comparable effects in the untreated animal. 
This was independent of the order in which 
the drugs were given. It may possibly be 
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related to the anti-acetylcholine properties of 
chlorpromazine which, though weak, have 
been measured peripherally (Kopera and Ar- 
mitage 1954). 

It is interesting to note that small quan- 
tities of chlorpromazine injected intravenously 
in the encéphale isolé preparation appeared 
to have a stimulating effect, since the sleep 
activity of this preparation was temporarily 
blocked. This effect was unrelated to changes 
in blood pressure and was not observed with 
larger doses, or with subsequent injections. 
It would appear that whilst the main action 
of chlorpromazine may be a central depression, 
in small doses it may have some excitatory 
effect. The depressant effect may take longer 
to appear, especially when smaller doses are 
used, and therefore the excitatory effect would 
be seen only with the first injection and with 
small doses. 

The precise mechanism underlying the 
central depressant action of chlorpromazine 
is still a subject for speculation. It is known 
to have marked anti-adrenaline properties 
both peripherally (Courvoisier et al. 1953) 
and centrally (Hiebel et al 1954), and re- 
cently it has been shown to antagonise 5-hydro- 
xytryptamine both in vivo and in vitro (Ben- 
ditt and Rowley 1956). Both of these sub- 
stanees have recently been identified in the 
brain, and in higher concentrations in the 
hypothalamus and brain stem (Vogt 1954; 
Amin et al 1954). More recently Wase, Chris- 
tensen and Polley (1956) have shown that 
chlorpromazine labelled with radioactive sul- 
phur (S**) accumulated in the hypothalamus. 
These observations, together with the results 
of the experiments described here, strongly 
support the hypothesis that chlorpromazine 
depresses the arousal system situated at the 
level of the brain stem, and it may do so by 
interfering with a system pharmacologically 
related to a centrally acting catechol amine. 


SUMMARY 


‘1. The effects of chlorpromazine and me- 
thopromazine on the electrical activity of the 
brain and on behaviour have been studied 
in the conscious unrestrained eat. Both pro- 
duced ataxia and indifference together with 
slow and irregular 5-8 c/see. waves in the 
electrocorticogram. These effects were less 
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marked with methopromazine. With chlorpro- 
mazine the effects seen were independent of 
the route used, but different doses were re- 
quired. 

2. Both drugs blocked the effects on beha- 
viour and electrical activity which are nor- 
mally observed with amphetamine and LSD 
25. Atropine and physostigmine still produc- 
ed their characteristic effects on electrical 
activity but did not modify the behavioural 
state induced by chlorpromazine or metho- 
promazine. 

3. Chlorpromazine in doses of 1.5-4.0 
mg/kg. produced an increase in the slow 
waves and spindle activity in the encéphale 
isolé preparation and at the same time made 
the preparation more difficult to arouse. 
Smaller doses produced a transient blocking 
of this activity with the first injection, but 
larger doses caused a blood pressure fall 
and flattening of the record. Chlorpromazine 
had no effect on the cerveau isolé preparation 
other than the effects associated with a fall 
in blood pressure. 


4. The results are discussed in relation to 
the planes of section of the two acute pre- 
parations and the possible sites of action of 
the other drugs used. It is suggested that 
chlorpromazine has a depressant action on the 
brain stem reticular system and that this 
action may be related to its anti-adrenaline 
properties. It is further suggested that small 
doses have an excitatory action which can 
only be observed before the depressant action 
has appeared. 
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ANNOUNCEMENT 


EXCERPTA MEDICA LIFTS THE CURTAIN ON SOVIET MEDICINE 


As a result of plans initiated by the Public Health Service, National 
Institutes of Health, U.S. Department of Health, Education, and Welfare, 
arrangements have recently been completed with the Excerpta Medica Foundation 
whereby, for the first time in the history of medicine, an extensive review of the 
Soviet medical literature in all areas of medicine will now be available to medical 


science in the United States. 


The plan calls for the translation and publication of abstracts of the 
Soviet medical literature, including reports of the work now being done in 
various cities throughout the U.S.S.R. The abstracts will be prepared by Soviet 
specialists most qualified to undertake this work, the material being edited and 
supervised by Excerpta Medica’s own specialist, permanent Editorial Committee 
of thirty Soviet scientists appointed by the Excerpta Medica Foundation in 
cooperation with the Presidium of the Academy of Medical Sciences of the 
U.S.S.R. These abstracts will be supplemented by verbatim translations of 
abstracts of the Soviet literature in specially selected fields. 


The abstracts will be published under the title Abstracts of Soviet 
Medicine and will appear throughout 1957 as two separate publications: Part A, 
Basic Medical Sciences, and Part B, Clinical Medicine, totalling together some 
1300-1400 pages. 


The West has long realized that the inaccessibility of so much of the 
Soviet medical literature has left a great and perhaps vital gap in our knowledge. 
The primary objective of this far-reaching project is to assist in the creation of 
the final essential link in the interchange of medical information on a truly 


olobal basis. 


EFFECT OF ATROPINE AND SCOPOLAMINE 


UPON ELECTRO- 


ENCEPHALOGRAPHIC CHANGES INDUCED BY 
ELECTRO-CONVULSIVE-THERAPY 1 


GeorGE A. ULETT, Ph.D. and MARGARET W. JOHNSON, M.A. 
Department of Psychiatry and Neurology, Washington University School of Medicine 


and 


Research Laboratories of Malcolm Bliss Hospital, St. Louis, Missouri 


(Received for publication: July 6, 1956) 


There has been considerable speculation 
about, but lttle understanding of the signi- 
ficance of the very marked slowing of brain 
wave activity that characteristically accom- 
panies a course of electro-convulsive treat- 
ments. Numerous investigators have pointed 
out that such slowing is seen in the EEG by 
the 6th treatment and is most marked in the 
frontal leads. It progresses in intensity to 
the 12th - 16th treatment after which, despite 
more treatments, it remains relatively un- 
changed only to disappear some 3-6 weeks 
after treatments are discontinued. Although 
early attempts to correlate the amount of 
slowing with clinical recovery were unre- 
warding (Callaway 1950), it is perhaps more 
than coincidence that, in affective psychoses, 
clinical gains are usually seen by the 6th 
treatment and the maximum amelioration of 
symptoms is achieved by the 12th-16th treat- 
ment. It is also noteworthy that sub-convul- 
sive treatments which produce only evanescent 
changes in the EEG are without clinical effect. 
Recently Fink and Kahn (1956) reported a 
correlation between the degree of EEG slow- 
ing and the amount of behavioral change 
seen clinically. 

One way to gain information about the 
importance of such brain wave slowing would 
be to administer the convulsive treatments in 
such a way that the EEG change would be 
prevented or at least minimized. A method 
that seemed promising in this regard was 
suggested by A. A. Ward (personal commu- 
nication) who has demonstrated that large 


1 This study was supported by a research grant 
from the National Institute of Mental Health of the 
National Institutes of Health, United States Public 
Health Service. 
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doses of atropine can, in the monkey, prevent 
the slowing of EEG patterns that occur with 
a concentrated application of electrically in- 
duced seizures. Ward has also demonstrated 
that atropine can be safely given to man in 
doses of 10 mg. daily for amelioration of the 
symptoms of the post concussion syndrome 
(1950). Review of the literature revealed that 
even much larger doses can be safely given 
to man (Forrer 1951). 

The present work is of an exploratory na- 
ture, in which we have attempted to see if 
large doses of atropine would effectively 
block the EEG slowing in psychiatric patients 
undergoing a series of electro-convulsive treat- 
ments. 


METHOD 


Atropine sulfate was administered (I.M.) 
to 7 patients in daily doses ranging from 
1-5 mg. The drug was given in two injections, 
one at 8:00 a.m. and one at 4:00 p.m. Most 
patients were kept on 5 mg. daily. Five pa- 
tients received scopolamine hydrobromide in 
doses of 1-3 my. administered in similar 
manner. 

In all patients intraocular tension was 
tested manually and a 4 per cent solution of 
pilocarpine was instilled in each eye b.i.d. 

Both atropine and scopolamine were con- 
tinued daily, throughout the course of ECT, 
and in some instances for a few days after 
conclusion of the convulsive therapy. 

EEG’s were recorded from sealp to scalp 
leads, by means of a Gilson 8-channel electro- 
encephalograph. Records were taken before, 
at intervals during and after concluding the 
series of convulsive treatments. In most in- 
stanees the recording was done on the day of 
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(3-4 hours after) and on the day following 
(approximately 24 hours after) the convul- 
sive treatment. 

The electro-convulsive treatments were 
produced by 60 ¢/sec. sine wave current ad- 
ministered from either Medcraft or Offner 
equipment. 

Six additional patients were selected to 
match this group for diagnosis and age. 
They were followed electroencephalograph- 


daily dose throughout, in another an initial 
dose of 2.5 mg. was boosted to 5.0 mg. after 
11 days. In a seventh patient the atropine 
was discontinued on the ninth day due to 
complaint of chest pain, unexplained by EKG 
or physical examination. 

Pulse and blood pressure measurements 
on all patients were taken at 15 min. intervals 
for the first hour after injection and then 
hourly for 2-3 hours. In this group pulse 
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Fig. 1 


Samples of EEG tracings taken before and during a series of electro-convulsive treatments. 
The patient, a 29-year-old woman with schizophrenic reaction received 5.0 mg. of atropine 
sulfate daily during the treatment series. Her record remained relatively normal until the 


atropine was discontinued. 


ically throughout a course of ECT, admin- 
istered without atropine or scopolamine. 


RESULTS 


A. Atropine 

Six patients (mean age 30.4 years) were 
maintained on atropine sulfate for periods of 
from 21 to 36 days while receiving electro- 
shock treatment. The highest total daily dosage 
was 5.0 mg. In one patient 2.5 mg. was the 


rates were seen as low as 42 and as high as 
147. Changes in blood pressure were seen reg- 
ularly following atropine administration. A 
drop of 40-60 points in diastolic or similar 
rise in systolic was not unusual. 

Patients complained of being flushed, 
dry and sleepy. Some confusion was seen, al- 
though psychic symptoms distinguishable 
from the patient’s presenting psychiatric 
complaints were not readily observed. 
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Four of the 7 had initially normal EEG’s, 
one showed paroxysmal activity, one was an 
S,, and one had a record characterized by 
mixed fast and slow activity. It was the 
common experience that while on atropine 
much less than the anticipated amount of 
slowing of brain waves following ECT was 
seen (fig. 1). On some occasions records 
taken on the day following the 12th treatment 
seemed entirely normal, more usually a 
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treatment, marked slow activity returned in 
the EEG (fig. 1). If atropine was continually 
administered during this post shock period, 
and then stopped, the record remained more 
nearly normal (fig. 2). 

All but one of these patients were diag- 
nosed as having schizophrenic reaction. Two 
showed marked improvement (including the 
one patient with involutional psychotic reac- 
tion of depressed type). Two showed slight 
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Fig. 2 


Representative EEG samples from a 30-year-old woman with chronic schizophrenic reaction. 
Her resting record shows rare bursts of slow activity. She received 2.5 mg. of atropine 
sulfate daily for the first 11 days of electro-convulsive therapy and subsequently 5 mg. 


throughout the remainder of the treatment period and for seven .days thereafter. 


It can 


be seen that the atropine tended to block the usual slowing of ECT but that such blocking 
action was least effective on the days when ECT was administered. 


moderate or minimal amount of low voltage 
slow 4-8 per sec. activity would be present. In 
no case was there present the high voltage 
slow activity that is seen in the majority of 
ECT treated cases. Usually records taken on 
the day of, and 3-5 hours following convulsive 
treatment, showed more abnormality than 
records taken on the day following ECT 
(fig. 2). In two instances, however, the op- 
posite was seen. When atropine administra- 
tion was stopped within the first week post 


improvement and 3 showed no change in 
clinical condition following ECT. 


B. Scopolamine 


Scopolamine was administered with some 
caution to 5 patients (mean age 33.6 years). 
Two received 1 mg. doses for 4 weeks and 
1 received 2 mg. daily for 36 days. One pa- 
tient received 1 mg. for 16, 2 mg. for 5 and 
3 mg. for 9 days, while another received 
3 mg. daily for 16 days at which time he 
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became agitated and the drug was stopped. 
This latter patient, however, had displayed 
similar episodic disturbed behavior prior to 
drug administration. It was our clinical ex- 
perience that more confusion, excitement and 
drowsiness resulted from the administration 
of scopolamine than was seen in the case of 
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larger doses of atropine. Return of slow ac- 
tivity was evident when the scopolamine ad- 
ministration was stopped within a few days 
after termination of ECT. 

Two of the patients in this series showed 
slight improvement, one was a man with in- 
volutional psychotic reaction, depressed type 
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Fig. 3 


Representative samples taken from EEG recordings on a 47-year-old man with involutional 
psychotic reaction. During and for two days after completion of a first series of ECT the 
patient received 1.0 mg. of scopolamine hydrobromide daily and showed only slight slowing 
in the EEG. He was given a second series of ECT 27 days later, this time without 
scopolamine. Marked slowing of the EEG occurred. 


atropine. Pulse and blood pressure changes 
were less marked with these small doses of 
scopolamine than was the case with atropine. 

Four of the subjects had normal resting 
EEG’s, and one had an LVF’ record. The 
blocking of ECT-induced, EEG slowing by 
these small doses of scopolamine seemed to be 
as good as or better than that seen with 


and one was a patient with schizophrenic 
reaction. The 3 remaining patients were diag- 
nosed as schizophrenic reaction. One of these 
showed a transient slight improvement, while 
the other 2 were unimproved by the electro- 
shock treatment. 

Two patients were given a second course 
of ECT. These were begun 12 and 19 days 


5 in 


St 


after completion of the first course of treat- 
ment and at a time when the resting EEG ap- 
peared normal. In both of these cases, EEG 
samples taken at comparable times during and 
upon completion of the two series demon- 
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antly mixed fast and slow activity. In all 
cases the records became markedly slowed by 
the 6th or 7th treatment, with increasing 
high voltage activity seen following the 12th 
treatment and persisting for as long as the 
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Fig. 4 


Representative samples from the resting electroencephalographie records of 12 patients all 
of whom received a series of 12 electro-convulsive treatments in the ensuing four week 
period. Those patients listed as the ‘‘ Atropine Series’’ received daily injections of atropine- 
sulfate (2.5-5.0 mg.) throughout the series of treatments, whereas the ‘‘control’’ group did 


not. (See following figures 5 and 6.) 


strated a more marked slowing of the EEG 
when scopolamine was not given (fig. 3). 


C. Controls 


The first 6 consecutively available patients 


of similar age (mean 31.6 years) and diag- 
nosis (5 schizophrenic reaction and one invo- 
lutional psychotic reaction, depressed type) 
were used for a comparison of EEG’s taken 
during a course of conventional type (sine 
wave) ECT. Five of these patients had normal 
resting EEG’s, while one showed predomin- 


patients were followed (i.e., from 12-18 days 
post ECT). Four of these patients, including 
the involutional psychotic reaction, showed 
good clinical results from treatment. A com- 
parison of the records of these control pa- 
tients with the 6 who received atropine clearly 
demonstrates the blocking action of this agent 
(figs. 4,5 and 6). 


DISCUSSION 


Of all the physical treatments used in psy- 
chiatry, electro-convulsive-therapy has alone 


— 


well stood the tests of time, cumulative clinical 
experience and statistical studies. Its mode 
of action, however, is still unclear. The dra- 
matic slow changes that occur in the EEG 
accompanying this treatment, have remained 
a controversial subject with evidence both for 
(Fink and Kahn 1956; Roth 1951) and 
against (Callaway 1950) their essentiality 
for a good therapeutic result. The blocking of 
such EEG change by atropine and scopolamine 
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to the therapeutic response, some understand- 
ing of how such brain wave changes arise 
would be of inestimable value to psychiatry. 
Careful work of Hartelius (1952) and others 
has demonstrated that only a small minority 
of the cells of the central nervous system un- 
dergo irreversible changes with intensive 
ECT. This, together with Blaurock’s (1950) 
finding that regardless of where the stimulat- 
ing electrodes are placed, slowing is greatest 
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Representative samples from electroencephalograms taken on the day following the 6th-7th 
ECT on the same 12 patients illustrated in figure 4. These records show minimal slowing 
in the atropinized group and marked slowing in the controls. 


presents us with a tool to further investigate 
the hypothesis that EEG slowing is essential 
for recovery. In the present exploratory 
study, however, the predominance of patients 
with schizophrenic reaction and the smallness 
of the sample, preclude drawing any valid 
eonclusions in this regard. 

Whether the slow wave changes in the 
EEG are directly or only indirectly related 


in the frontal areas, suggests that the slow 
waves result from other causes than local cell 
death or injury. Chusid and Pacella (1952) 
have stated that the EEG changes seen with 
electro-convulsive-therapy are related pri- 
marily to the intensity of the physiologic or 
convulsive response. Such an hypothesis finds 
support from the work of Mills et al. (1953) 
who have shown that the clinically milder 


, 


treatments caused by unidirectional currents 
produce less slowing (and also less clinical 
improvement) than an equal number of treat- 


ments given by conventional sine wave stim- 
ulation. 
| Roth (1951) has postulated that the EEG 


slowing induced by ECT is actually the result 
of a change in diencephalic pacemakers which 
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atropine administration the slow brain waves 
could not be seen. Scopolamine, which is re- 
puted to exert an even greater central effect, 
served to block the slow activity, of whatever 
origin, to a more marked extent even with the 
relatively smaller doses used in our series. 
Further studies are needed both in animals 
and in humans to clarify such questions as 
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Representative samples from electroencephalograms taken the day following the 12th electro- 
convulsive treatment in the group of 12 patients illustrated in figures 4 and 5. These 
records clearly demonstrate the blocking effect of atropine wpon slow activity produced 


by electro-convulsive treatment. 


then project a disturbed rhythm to control 
cortical activity. In favor of this point of 
view is the fact that, in our investigation, 
when atropine administration was stopped, the 
Slow activity appeared, with a suddenness and 
intensity suggesting that it may have been 
Sub-cortically present all the time. On the 
other hand, it is possible that ECT produced 
, Some more generalized neuronal change whose 
Presence was detectable only when synaptic 
transmission was normal so that during 


to the site and mode of action within the brain 
of atropine, scopolamine and _ electro-con- 
vulsive therapy. 


SUMMARY 


An investigation was made of the effects 
of daily administered 1-5 mg. doses of atro- 
pine and scopolamine, upon the alteration of 
brain wave pattern that characteristically 
accompanies a course of electro-convulsive 
treatments. Both of these agents clearly 


ee 


blocked the occurrence of slow waves usually 
seen following ECT. In cases where the drug 
was continued for a week or more after ter- 
mination of ECT, marked slowing did not 
oceur. If the drug was discontinued within 
1-2 days after the course of treatment, slow 
high voltage activity would suddenly appear. 

Comparison was made with the EEG’s of 
other persons who received ECT without atro- 
pine or scopolamine. In two eases the patient 
served as his own control. 


The authors wish to express their appreciation 
for the technical assistance of Miss Margaret Johnson, 
R. N., and Mrs. Phyllis Drake. 
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INTRODUCTION 


It is well known that if a course of ECT 
is interrupted as soon as symptoms are ob- 
served to be in abeyanee, relapse will occur 
in a high proportion of cases. It is usual, 
therefore, to continue treatment beyond this 
point, which may be reached after three to 
four treatments, to achieve an optimal result. 

However, the length of a course of ECT 
even in cases of endogenous depression where 
it may be regarded as a relatively specific 
treatment, is at present decided in a sub- 
jective and arbitrary manner, and although 
prognosis is usually favourable the relapse 
rate is undesirably high. Any method that 
prolonged the period during which the striking 
qualitative effects of ECT on depressive psy- 
chosis endured, would represent a significant 
advance in treatment. 


The problem resolves itself into discover- 
ing a measure of the changes produced by 
ECT in the brain that is more objective than 
the existing procedure of ascertaining the ef- 
fects clinically as treatment proceeds, and 
susceptible of description in precise quanti- 
tative terms. It might then be possible to 
ascertain whether in a given condition effee- 
tive courses of treatment had consistent phy- 
siological correlates. If they did these might 
serve as a basis for development of the 
optimal technique. 

In previous papers (Roth 1951, 1952) it 
has been shown that although the ordinary 
EEG may fail to reveal changes during or 
even after therapeutically effective courses 
of ECT (a fact previously demonstrated by 
other authors, e.g. Moriarty and Siemens 
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1947), serial studies under barbiturate anaes- 
thesia will consistently uncover EEG changes 
at an earlier stage of treatment than the record 
in the awake state. Moreover, such changes 
either coincide with or precede the first 
signs of clinical improvement. These changes 
were not specific in that they were present 
in eases of neurosis, in which no improve- 
ment occurred. But they appeared to be in- 
variable concomitants of clinical improvement. 

The question arose whether the difference 
in outcome was decided in part by the amount 
of slow activity that had been generated by 
treatment. Some evidence in this previous 
study suggested that poorly developed slow 
activity might in fact be associated with an 
adverse outcome. But methods for following 
the change were crude and subjective and 
follow-up data for one month after treatment 
only were available. The obvious next step 
was to develop some method of quantitative 
assessment of the amount of slow activity and 
to see whether the measure of this was cor- 
related in any way with outcome. 

The findings in this paper suggest the 
lines along which such a method might be 
developed, in that they indicate that in endo- 
genous depression the outcome is markedly 
influenced by the peak value of slow activity 
as measured in the Pentothal record by a 
special technique. The practical significance 
of such a finding lies in the fact that within 
limits the quantitative severity of this slow 
activity can be influenced by varying the 
number of convulsions and their spacing. The 
findings also have some interesting theoretical 
implications for the problems of mode of 
action of convulsant treatment. 


MATERIAL AND METHOD 


The material consisted of 41 patients with 
psychotic depression. Only cases of unequi- 
vocally endogenous type were included, all of 
them with depression of psychotic depth rel- 
atively sharply defined in time of onset and 
with at least two of the following features in 
addition; early morning awakening, diurnal 
variation in mood, retardation or stupor, 
ideas of guilt and self reproach, nihilistic 
ideas or paranoid ideas of depressive type. 
To have included first admissions only would 
have restricted the numbers severely, but a 
clear remission for a period of at least 18 
months preceding the present attack was made 
a criterion for inclusion in the investigation. 
Twenty-nine of the cases were in fact first 
attacks. In such cases of endogenous depres- 
sion the prognosis for ECT is generally 
favourable. Failures are sometimes recorded 
or only a short-lived response elicited, but the 
reasons for this are unknown, nor is there any 
reliable way of identifying such potential 
failures before the administration of treat- 
ment. 


In the hospital where most of this work 
was carried out, ECT was administered either 
in set courses of 6 or 7 convulsions or treat- 
ment was continued until it was judged clin- 
ically that an optimal stage had been reached. 
The investigation had to be adjusted to these 
patterns of ECT administration, each being 
favoured by some of the clinicians in charge of 
the cases. Accordingly two groups of cases 
receiving set courses were studied; one of 10 
cases given 6 treatments and another of 14 
cases given 7 treatments. A third group of 
18 cases contained those that had been given 
courses of varying length judged to be optimal 
on clinical grounds. The spacing of treat- 
ments was identical for each case. Three 
treatments were always given on alternate 
days during the first week while in the re- 
mainder of the course they were administered 
at the rate of two per week. 

Although the number of ECT could not 
be kept constant there were enough cases in 
each group for conducting a preliminary in- 
vestigation into the part played by slow activ- 
ity in giving rise to differences in pattern 
of outcome. 


MARTIN ROTH, D. W. K. KAY, JOHN SHAW and JOY GREEN 


CLINICAL ASSESSMENT 


A detailed clinical assessment of each pa- 
tient was made before commencement of ECT 
and within the first three days after the 
termination of treatment. Clinical progress 
was recorded daily by one of us in 14 of the 
cases, in 16 others a daily record sheet was 
kept by other members of the medical staff 
and in 12 patients progress was described on 
behaviour charts by members of the nursing 
staff. It became clear after the investigation 
had been in progress for 18 months, during 
which 26 cases had been studied, that the 
majority of the cases of endogenous depres- 
sion were in remission immediately after 
treatment, and that in none of them did some 
measure of symptomatic improvement fail 
to occur. But this improvement was some- 
times very short-lived. Detailed information 
about relapse was then sought and in the 
cases already studied it had to be obtained 
retrospectively. Examination of the records 
showed that some patients had not been dis- 
charged owing to insufficient improvement or 
relapse; others had been readmitted or re- 
ferred for out-patient consultations. Most of 
these cases were given further ECT and it 
was possible to ascertain the date of relapse 
to within a week or two from the case notes. 
The remaining cases were followed up by 
home visits, or where this was impracticable, 
follow-up letters to the nearest relative. Fif- 
teen cases whose investigation was begun after 
inquiries into relapse rate were initiated were 
followed up in an out-patient clinic or by 
postal enquiries at 3, 6 and 12 months. Some 
relapses may have been undetected but this 
could have applied to few producing obvious 
or severe disability. In stating the results at 
3, 6 and 12 months, all relapses were counted, 
whether or not they had meanwhile been 
brought to remission with further ECT, the 
principle aim of the investigations being to 
evaluate the efficacy of the initial course of 
ECT in promoting stable recovery. 


EEG MEASUREMENTS AND RESULTS 


1. Changes in the thiopentone record during 
treatment. 


An EEG was recorded before treatment 
and within the fourth hour after each convul- 
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sion in every case. Following completion of 
the course a record was taken once weekly for 
three weeks; in a few cases it was possible to 
continue for longer. After 5 min. ordinary 
recording the effect of 3 min. overbreathing 
was studied in most cases. Five per cent thio- 
pentone was then injected at a rate of 1 ee. 
in 15 sec. with 5 see. pause between successive 
ec. When the patient closed his eyes and 
deep regular breathing began (this occurred 
after 0.2-0.25 g. in most cases) a further ce. 
was given at the same rate. With this tech- 
nique it was found that the dose required in 
a given patient varied little on successive oc- 
easions. The previous techniques failed to 
produce unconsciousness in a consistent man- 
ner and were abandoned since loss of con- 
sciousness is an essential condition for the ap- 
pearance of slow activity. 

The method of measurement to be describ- 
ed was based upon the observation that the 
delta activity evoked in a given experiment by 
such an injection of thiopentone during a 
course of convulsive treatment has a finite 
duration (Roth 1951), the end point being 
marked by a well defined interruption of the 
rhythmic slow activity which is succeeded by 
low voltage fast waves (fig. 1). This fast 
activity is the usual pattern for light barbi- 
turate sleep and it continues without return 
of the high-voltage slow activity described 
above, during the whole of the remaining 
period for which the patient is unconscious. 
However, sensory stimuli during the first 5 to 
20 see. following this end point may re-evoke 
a burst of slow activity; this is particularly 
prone to occur after five to six convulsions 
have been administered. To avoid this source 
of variability consistently quiet conditions in 
the laboratory are essential. 

If all delta waves of an amplitude of 50 
wV. or above are reckoned, about 40 per cent 
of cases show a few brief low voltage bursts 
with an interval of 15 to 20 sec. between the 
commencement of the first, and the end of the 
last, slow wave. With successive convulsions 
there is a progressive prolongation of the 
length of the period during which slow activ- 
ity is manifest and if this is plotted against 
the number of ECT, the rising curve shown in 
figure 2 is obtained for duration of thiopen- 
tone induced delta activity. It will be seen 
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that a peak value of 250 see. was obtained in 
this case at the end of the course of 7 treat- 
ments. After termination of the course the 
value fell to less than half the peak value 
within 3 weeks. After a two months interval 
the period of delta activity was back to its 
pre-ECT level in most cases of this and the 
previous series in which extended studies were 
possible. 

It became clear that the total period dur- 
ing which Pentothal induced delta activity 
was manifest did not differentiate between 
cases with continuous and those with paroxys- 
mal slow activity. And since this usually 
lasts less than 300 sec. in courses of 12 
convulsions or less, percentage of time oc- 
cupied by delta activity in the 300 sec. fol- 
lowing its commencement was substituted as 
the measure of delta activity. This was more 
sensitive to obvious changes at different stages 
of one course, such as the transition from in- 
termittent to continuous delta activity without 
change of duration which were not reflected 
by the other measurement. All the measure- 
ments given in this paper are therefore de- 
scribed in terms of percentage time delta 
activity. The latter was reckoned in whatever 
part of the head it appeared, but in practice 
this amounted to measuring the delta activity 
in the frontal regions, since it was hardly ever 
active in other areas when absent there. This 
was also the site of the delta waves of highest 
amplitude. 

Per cent time delta activity shows changes 
from the first treatment during a course. An 
increase was registered in every case by the 
completion of the third treatment in this series 
and in most eases this change was evident 
after the second. Paradoxically in a few 
cases the effect of the first treatment was to 
bring about a decrease in per cent time delta 
activity ; but the pre-ECT level was exceeded 
in each of these after the second treatment 
(fig. 3). The curve continues to rise with 
successive ECT but after 8-9 treatments tends 
to flatten out onto a plateau and in two of 
the cases there was a decline from a peak 
value reached earlier in the course, after the 
tenth and eleventh treatments. But in most 
cases the decline from the peak value begins 
during the first week after the end of ECT 
and the curve then falls steeply to a point 
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still well above the pre-treatment level after 
three weeks. Only in a few cases were we able 
in this series to continue studies under thio- 
pentone beyond this point, but from these as 
well as from previous material studied it 
would appear that the Pentothal induced slow 
activity is back to the pre-ECT level within 
7 to 9 weeks after a course of 6 to 7 ECT. 
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Fig. 2 


Both forms of measurement of thiopentone induced 
delta activity are shown. The curves in this case are 
similar and both show an earlier change than that 
detected in the ordinary recordings. 


As previously shown (Roth 1951) the Pen- 
tothal induced slow wave change anticipates 
by from 2 to 5 ECT any discernible alteration 
in the ordinary record and the discrepancy 
is little less marked when the comparison is 
with the record during the 300 sec. after 
hyperventilation (fig. 2 and 3). In only one 
instance in this material were the changes in 
the awake and anaesthetized state simulta- 
neous. The curve showing the progress of slow 
activity in the awake state rises steeply once 
slow activity has begun and very soon the 
delta waves are to be seen throughout the 
record in spasmodic bursts of increasing dura- 
tion and frequency and not, as in the Pen- 
tothal record, during a limited period only. 
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Nevertheless the Pentothal record proves 
to be the more sensitive measure of the changes 
occurring in the brain during and after treat- 
ment and some measurable change is inva- 
riably present in it at the time or before the 
first changes in clinical picture are recorded, 
in contrast with the ordinary EEG which 
begins to alter several ECT later (fig. 2, 3). 
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Fig. 3 


Changes in percentage time delta activity in resting 
record, after hyperventilation and after thiopentone 
injection during an ECT series. A detectable change 
in the Pentothal record precedes that in the resting 
record by 5 ECT in this case. 


The technique described here takes no ae- 
count of certain other changes. One is the 
appearance in many cases of rhythmic theta 
waves at 50 to 100 »V. for 5-15 see. before 
the run of delta activity begins and for short 
intervals afterwards. Another is the augmen- 
tation of the second component of the K-com- 
plex after 5 to 6 treatments (Roth, Shaw and 
Green 1956); the response may eventually 
change to a prolonged burst of slow waves 
with the sharp wave component inconspicuous. 
There is also an increase in amplitude and 
rhythmicity of the delta activity and in its 
differentiation from background activity. All 
these changes appear later or less consistently 


Fig. 1 
Thiopentone induced delta activity elicited 3 hours after the eighth ECT. A large part of 


the delta stage is shown in extracts from the record. 
began at 10 sec. from the commencement of the upper strip of record. 


Frontally preponderant delta waves 
It is intermittent 


until just before completion of injection of 1 ec., thereafter it is continuous apart from short 
intervals until 150 see. from the start of the injection when it is once again intermittent. 
At 200 see. from the start, the slow activity is completely in abeyance and barbiturate fast 
activity dominant. 10 per cent thiopentone was used in this early experiment; the injection 


technique described in the text had not yet been established. 
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than the slow wave activity and lend them- 
selves less well to measurement ; they are less 
satisfactory therefore as a basis for the eva- 
luation of the cerebral effects of ECT. There 
may also be more subtle changes in both 
ordinary and Pentothal records not to be 
revealed without a frequency analyzer which 
it is hoped to utilize in future studies. The 
possibility of including all such phenomena 
in a complete quantitative assessment of the 
EEG changes is under examination. 


2. Association between amount of slow 
activity and outcome. 

Figure 4, in which the curves representing 
progress of slow activity in 20 cases up to the 
sixth treatment have been superimposed on 
one graph, clearly shows that there is a very 
broad scatter in the amount of change gen- 
erated in different individuals for an identical 
course. Since this slow activity preceded or 
corresponded with the first indication of clin- 
ical improvement, it was pertinent to enquire 
whether this wide range of EEG effects bore 
any relationship to differences in outcome. 

The peak value of each curve was the 
measurement chosen as a basis of comparison 
since it is this that most clearly reflects the 


isolated symptom such as anorexia or insom- 
nia had changed in each case for the better 
and these cases have therefore been classed 
as improved. The mean of the peak values 
of these 4 cases (25.7 + 5.5) per cent time 
delta is considerably below that for the 37 re- 
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Fig. 4 


A very wide range of variation is shown in the rate 
of change of thiopentone induced slow activity and 
the peak values attained in these 20 eases. 


TABLE I 


Pentothal induced slow activity and outcome. 


Peak Value % Time 


Delta, Pentothal record Number Relapsing Number Not Relapsing X2 df Pp 
3 MONTHS ; 
bs - : 11 = 9.86 1 < 0.01 
6 MONTHS 
u mt $ " : 10.36 1 < 0.01 


cumulative effect of treatment, the assess- 
ment of which on the clinical plane determines 
the regulation of the length of a course of 
ECT in current clinical practice. 

Of the 41 patients, 37 were judged within 
the 3 days following the end of treatment to 
have recovered completely or to have achieved 
a remission with only minor residual symp- 
toms. In the remaining 4, treatment had left 
the illness essentially unaltered, but some 


covered patients (41.0 + 14.6) but the differ- 
ence is not significant. Moreover the actual 
peak values in the failures were 19, 25, 24 and 
34 and in a considerable number of patients in 
whom recoveries were registered ‘at this stage 
the peak values fell within or, below this range. 
The relationship between outcome immediately 
following treatment and the peak value of 
Pentothal induced delta activity is not there- 
fore a striking one. 
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TABLE II 


Outcome and thiopentone induced delta activity. 


Number of 


Mean of Peak 


Oute N d ig 
anand Cases Value % Time Delta f r 

Relapsed at 3 months 13 29.2 + 13.96 

3.27 4] 39 < 0.01 
Not relapsed at 3 months 27 44.75 + 13.75 
Relapsed at 6 months 16 31.44 + 14.39 

2.909 41 39 < 0.01 
Not relapsed at 6 months 24 45.22 + 13.57 


During the first 12 weeks after their treat- 
ment, 12 of the 41 cases relapsed. The 4 
cases who had shown only a slight ameliora- 
tion of isolated symptoms are included among 
the relapses since this change was in each 
case reversed within the first 3 weeks. There 
is clearly a relationship between a tendency 
to relapse and a low value of Pentothal in- 
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duced slow activity (table 1). Of those attain- 
ing a value above 40 per cent only one in 
19 relapsed as compared with 11 relapses in 
22 cases among those 40 per cent or below, a 
difference significant at below the one per cent 
level. The differences are equally striking 
when relapses in the two groups are com- 
pared at six months. There is also a significant 
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Fig. 5 
A. Peak value of thiopentone delta activity in relapsed cases and stable remissions 444/12 


after treatment. 


B. Peak value of per cent time delta activity in resting record in relapsed cases and stable 


remissions 4144/12 after treatment. 


difference in respect of the mean peak value 
of per cent time delta activity between re- 
lapsed and not relapsed eases (table II). 

The differentiation as between relapsed 
eases and those remaining in stable remission 
is evidently less clear cut when the KEG 
findings in the ordinary record are examined. 
It will be seen (fig. 5A) that the overlap 
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and so do almost two thirds of the relapses. 
Four of the stable cases attain figures of 63, 
64, 69 and 43 per cent in the thiopentone 
record which were within or well beyond the 
range of figures associated with the majority 
of stable recoveries, although their scores in 
the resting EEG, 0, 4, 0 and 2 per cent 
indicated no change or a very slight one. Such 


PENTOTHAL %o TIME § 


—— 3/12 IWTCOME 
—- = 6/12 OUTCOME 
cececeeee 2/12 OUTCOME 


51-409%/e 41-50 %/e 3! %e 
r 9 cases (0 cases 


Fig. 6 


between the relapsed and stable cases in rela- 
tion to their score for thiopentone slow activ- 
ity is small. The columns to the right of a 
line at 30 per cent inelude all but 3 stable 
recoveries at 444 months and only 5 of 14 re- 
lapses. But for slow activity in the ordinary 
record (fig. 5B) almost a third of stable 
recoveries attain a figure under 10 per cent 


cases might well receive a course far in excess 
of what is needed for stable recovery if treat- 
ment were guided by the ordinary EEG alone. 

When percentage relapse is plotted against 
per cent time delta activity given at 10 per 
cent intervals on the abscissa, it is seen (fig. 
6) that the relationship between them at 3 
months after completion of treatment is al- 


TABLE III 


Per cent time delta 
activity > 41 


Per cent time delta 
activity < 40 


No. of No. of 
ECT Patients Relapsed Not Relapsed Relapsed Not Relapsed 
5 5 0 3 ] 1 
6 10 0) 5 3 2 
7 13 2 5 4 2 
8 3 0 1 l 1 
9 5 0 2 2 1 
10 2 0 0) 1 1 
2 3 0 1 1 1 
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most linear. A similar curve describes the 
relationship at 6 months. But after 12 months 
the situation is more complex, cases with 
values over 51 per cent showing a higher re- 
lapse rate than those in the 41 to 50 per cent 
range. However, following such an interval 
many factors other than the physiological 
effects exerted by the course of ECT have 
come to influence the result. 


In these ecaleulations cases given varying 
number of ECT were combined but the trend 
is consistently towards higher relapse rates 
in those with low values for delta activity 
irrespective of the number of ECT (table IIT). 


The possibility that the differences in out- 
come might be due to variables is excluded 
by a comparison of the groups with peak 
values of above and below 40 per cent time 
delta activity which shows them not to differ 
significantly in respect of mean age, duration 
of symptoms before treatment and the num- 
ber of individuals who had suffered previous 
attacks. Twenty-nine of the 41 cases were in 
fact suffering from first attacks, but the dif- 
ferences in relapse rate were clearly in the 
same direction among these cases as in the 
group as a whole with no change in level of 
statistical significance. 


DISCUSSION 


1. Practical implications. 


The findings indicate that the immediate 
result of the use of ECT in the majority of 
cases of depression is good and that the amount 
of Pentothal induced delta activity has only 
a small bearing on this result. But a sub- 
stantial proportion of the remissions thus 
induced proves unstable and the incidence of 
relapse is markedly influenced by the EEG 
changes as measured by the technique de- 
scribed. The practical significance of the 
findings lies in their promise for the develop- 
ment of a method of quantitative assessment 
of the effects of convulsive treatment on the 
brain which will enable the therapist to 
regulate the course so as to reduce the risk 
of relapse to a minimum. For the peak value 
ean be varied within limits, by adjusting the 
number and spacing of the convulsions. This 
was in fact done in some of the relapsed cases 
in the present series. A second course with 
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an increased number. of treatments more 
closely spaced in the second week brought the 
peak value of Pentothal induced slow activity 
to a higher level than in the initial course 
in 2 cases who had relapsed in under 3 
months; in one a stable remission was in- 
duced, in the other, one which lasted 10 
months. Unfortunately it was not possible to 
carry out any more studies in relapsed cases. 
The EEG changes are not a correlate of 
the improved mental state as such. In many 
schizophrenics qualitatively identical changes 
may be induced with peak values above the 
range of 40 to 50 per cent that proved ad- 
equate in the majority of depressives with 
little or no change in the great majority of 
cases. In neurotics we have studied, similar 
values have been attained without clinical 
benefit and it is clear from the experience of 
a great many workers that ECT is valueless 
in this group of disorders. Even in endo- 
genous depression it is not recovery as such 
that is being portrayed by the changes. Thus 
in one of the relapsed cases a more intensive 
course produced a peak value of 55 per cent 
in the Pentothal induced slow activity and this 
was associated with some degree of confusion, 
but the only change in the depressive psychosis 
was a transient improvement in appetite. 
The relationship between recovery and the 
EEG changes is thus an indirect one. The 
latter seemingly tends to promote recovery 
by impeding in some way the physiological 
processes underlying the psychotie illness. But 
the EEG changes alone do not ensure success; 
this evidently depends in the first place upon 
whether or not these physiological processes 
are susceptible of alteration by convulsive 
treatment. Neuroses cannot be so influenced 
and no amount of EEG change would appear 
materially to affect the issue. Endogenous de- 
pressions can respond, on the other hand, and 
the results described suggest that the EEG 
changes may serve to indicate whether or not 
a quantitatively adequate physiological basis 
for recovery has been provided by treatment. 
The optimal value for the change in endo- 
genous depression cannot be stated with pre- 
cision until further investigations have been 
earried out. The method has an error of about 
5 per cent and above 55 per cent, confusional 
states were rather common in this series; this 
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complication should be avoided as far as pos- 
sible. In the light of the results described 
it would seem advisable to aim in endogenous 
depression at producing a peak value of 35 
to 50 per cent time delta activity in the 
Pentothal record. The results show that 
under 35-40 per cent the change in the brain is 
quantitatively inadequate to promote stable 
recovery. In the majority of cases in which 
figures were below this value, further courses 
of treatment were necessary and the number 
of ECT administered may in the end have 
been in excess of what would initially have 
proved adequate. However, for the present 
the figure between the values of 35 and 50 
per cent at which treatment is to be brought 
to an end must be left to an all-round clinical 
assessment which would take account of such 
factors as the residual features of the psy- 
chosis, any evidence of confusion or intellec- 
tual impairment, changes in the patient’s 
physical status, sleep, appetite, ete. If no 
appreciable clinical change has been observed 
after a peak value of 45 per cent has been 
attained, success will rarely follow from pro- 
ceeding further with the treatment. It should 
be possible to give more precise guidance as 
to the optimal value of Pentothal induced slow 
activity when a larger material has been 
studied and the influence of age, occurrence 
of previous attacks, etc., can be evaluated in 
detail. 

The technique as described is too cumber- 
some for routine clinical practice. But al- 
though a Pentothal EEG was essential before 
therapy and after each convulsion in these 
investigations, it is unnecessary for any tenta- 
tive application of the findings as far as they 
have gone. With the spacing in this series 
no patient achieved a value of 35 per cent 
before the fourth treatment. A Pentothal EEG 
after this and subsequent treatments within 
3-4 hours of termination of the convulsion 
should make it possible to bring the peak value 
to within the range of 35 to 50 per cent. 
Another possible application would be to use 
the technique as a check on the adequacy of 
a course of treatment judged to be optimal 
on clinical grounds. A value of 35 to 40 per 
cent would confirm the clinical impression, 
but below this further treatment may be 


indicated. 
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Clinical observation suggests that the eu- 
mulative physiological change by means of 
which ECT promotes recovery in the brain 
is a function of the number of fits and the 
intervals between them. Thus it is well known 
that if successive ECT are separated by long 
time intervals, treatment will usually fail. Six 
ECT given at monthly intervals will produce 
no change, or only a trivial one, in the clin- 
ical picture of involutional melancholia. Fur- 
ther, whereas 2 ECT will promote a transient 
change or no alteration, 8 ECT given in 3 
weeks will induce full remission in a high pro- 
portion of cases. The EEG changes as evoked 
under Pentothal are influenced in a similar 
manner by these variables of number and 
spacing of convulsions; the fewer and more 
widely spaced the treatments, the less the 
amount of slow activity, for courses of less 
than ten convulsions, at any rate. The sug- 
gestion that there is an intimate association 
between these EEG changes and the altera- 
tions in the brain tending to promote recovery 
receives further support from the facts to be 
discussed in the next section. 


THEORETICAL ASPECTS 


The operation of a quantitative principle 
in deciding the efficacy of a course of ECT 
is reminiscent of a similar situation in rela- 
tion to prefrontal leucotomy. Here the work 
of Meyer has conclusively shown that the 
number of thalamo-cortical fibres cut exerts 
a decisive influence upon the chances of re- 
covery. Inadequate lesions are strikingly 
prone to be associated with a poor result 
(Meyer and Beck 1954). And it is of some 
interest that this failure is often due to a 
relapse of the mental illness following a very 
short lived improvement after operation. It 
was this disadvantage attaching to undercut- 
ting that led to the abandonment of this 
method of isolating a small area of prefrontal 
cortex (Curran and Partridge 1952). As 
Meyer and Beck point out their findings do 
not imply that ‘‘the more the frontal lobe is 
cut the better will be the result but it does 
mean that the cut must be adequate in order 
to be effective’’. 

Now it has long been suspected that pre- 
frontal leucotomy and convulsive treatment 
exert some of their effects through common 
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neurological channels. The view has some- 
times been expressed that convulsive treat- 
ment was a mild, temporary leucotomy. It is 
to be doubted whether the two treatments 
can be equated to this extent in that although 
their effects on the psychosis are similar in 
endogenous depression and some types of 
schizophrenia, leucotomy is often effective in 
ehronic neuroses, whereas no such success 
ean be claimed for ECT. But the striking 
changes in sleep rhythm, the menstrual cycle, 
appetite and body weight and the alterations 
in autonomic function produced by each indi- 
eate that stimulation into activity of di- 
encephalic regulating centres is common to 
them. Moreover, each form of treatment is 
non-specific exerting a beneficial influence 
upon a range of psychiatric disorders so wide 
that there cannot be any casual factor com- 
mon to them all. This non-specificity is more 
marked in the case of leucotomy but it seems 
likely that both treatments act not on the 
causes of mental illness directly but either on 
general homeostatic mechanisms that may be 
stimulated into activity so as to counteract 
the pathogenic effects exerted by these causes 
or by a transient or lasting disruption of phys- 
iological processes essential to the perpetua- 
tion of mental disorder. 

Further suggestive evidence that they have 
some important factor in common is provided 
by comparison of the site of action of the 
two treatments and of the clinical effects they 
exert. The degree of parallelism that thus 
emerges lends confirmation to the view that 
the EEG changes described above are intim- 
ately related to the cerebral process that 
promotes recovery. The EEG changes pro- 
duced by ECT are frontally preponderant. 
As they subside completely within some two 
months of treatment we know also that they 
are reversible and correspondingly it is a 
well-known limitation of ECT that the clinical 
effect is confined to the attack treated and 
that the chances of recurrence are unaffected. 
On the other hand, in the ease of leucotomy, 
the anatomical lesion of the frontal lobes or 
its connections is, of course, permanent and 
relapse is relatively rare. Since the data cited 
above also indicate that a quantitative factor 
operates to decide the quality and duration of 
remission in electro-convulsive therapy as in 
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prefrontal leucotomy, it would seem reason- 
able to conclude that a common action on the 
frontal lobes is the link between the two treat- 
ments. In other words, what is brought about 
by means of a permanent structural lesion in 
prefrontal leucotomy, may be achieved in the 
case of ECT by means of the short-lived fron- 
tally predominant EEG change it produces. 
And in that the severance of thalamo-frontal 
connections is indubitably the cause of the re- 
covery from mental illness that follows it, the 
frontally predominant delta waves may also 
be linked in an intimate manner with the 
changes in the brain promoting recovery in 
the course of electroconvulsive treatment. 

It would seem therefore that temporary 
or permanent interruption of thalamo-frontal 
connections tends to be followed by effects on 
psychotic behaviour patterns that are them- 
selves short-lived or lasting.1 And the quanti- 
tative factor shown in this paper to operate 
in relation to the slow activity induced by 
convulsions is likely to issue from the same 
principle that underlies the decisive influence 
on prognosis in prefrontal leucotomy exerted 
by the extent of the thalamo-frontal projection 
that has been divided (Meyer and Beck 1954). 

If the argument pursued here is valid, 
electroconvulsive therapy as well as leucotomy 
may owe their effects partly to an interrup- 
tion of cerebral processes that are physiological 
in character but have come to serve the needs 
of pathological processes. 

In previous papers (Roth 1951, 1952; Roth 
and Rosie 1953) attention was drawn to the 
non-specificity of ECT. It was pointed out 
that it was effective to some extent in disorders 
caused by such:a wide range of causal agents 
that its effects were more likely achieved 
through regulating and defensive mechanisms 
rather than a direct action on the causes of 
the mental illnesses as such. Such an influence 
is, in fact, evident in the changes in sleep 
rhythm, menstrual cycle, in autonomic fune- 
tion and increased activity of the anterior 
pituitary, and it was also suggested then that 
the EEG changes might reflect an increased 
influence by the diffuse projection system on 


1 This does not of course imply that leucotomy is 
the better procedure; the likely duration of the effect 
on the psychosis is not the only consideration in 
choice of treatment. 
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the electrical activity of the cortex. The mode 
of action suggested was one analogous to that 
of substances such as ACTH and cortisone 
which are also more or less effective in many 
disease processes ranging from asthma to 
rheumatoid arthritis, though clearly do not 
influence the basic causes of these diseases. 
But this view is not necessarily correct. For 
non-specificity of a treatment might alterna- 
tively be due to the fact that it interrupts the 
final common pathway of a variety of diseases 
or interferes with physiological processes upon 
which pathological activities have become de- 
pendent. An example of this nature from 
another branch of medicine is the effect of 
bilateral adrenalectomy in causing regression 
of carcinoma of the breast or prostate as well 
as their metastases. 

Since pre-frontal leucotomy destroys a 
part of the brain, and since for the reasons 
indicated it is likely to exert some of its ef- 
fects through neurological channels common 
to those utilized by convulsive, treatment, an 
essential element in these treatments may 
well be analogous to such procedures. They 
may owe their efficacy to the fact that the 
thalamo-frontal system which they each in- 
fluence comes to play an essential link in the 
chain of neurological events that perpetuate 
certain mental disorders. To give any ad- 
equate consideration to the physiological char- 
acter of these events would require more 
knowledge than is available about the frontal 
lobe and its connections, and would in any 
ease be beyond the scope of this paper. But 
it is not difficult to conceive how such in- 
tegrative functions as have been attributed 
to the pre-frontal region and its connections 
in relation to the development of some aspects 
of personality could serve also to bring about 
an integration of psychotic with pre-morbid 
personality patterns. Certain data about pre- 
frontal leucotomy would appear to demand 
some such explanation. But these matters will 
be discussed elsewhere. 

The changes in the activities of regulating 
centres observed during ECT and following 
pre-frontal leucotomy may thus have an alter- 
native explanation to that which allocates to 
them an important role in the restoration of a 
relatively stable pattern of cerebral activities 
(Roth 1952; Roth and Rosie 1953). Their 


activity may be merely a compensatory re- 
sponse evoked by the disturbing influence of 
a destructive lesion in one case (leucotomy) 
and what must be regarded as a functional 
interference with extensive but predominantly 
frontal areas of cortex, in the other (con- 
vulsive treatment). It is known in effect 
that no attempt at reproducing all the veg- 
etative and endocrine changes produced by 
these procedures has, in fact, the slightest 
influence upon the psychosis. 

But although the data discussed here sug- 
gest that the subtle and temporary interfer- 
ence with cortical activity (predominantly in 


. the frontal region) that is likely to be the pri- 


mary factor in the efficacy of ECT as well as 
the explanation for its non-specificity, and 
that the marked vegetative changes are likely 
to be secondary, it is not possible at the present 
time to decide in any conclusive way what is 
the precise relationship between these three 
crucial and characteristic features of the 
treatment. When the interrelationship be- 
tween the negative effects (as evidence the 
EEG changes, memory impairment and disap- 
pearance of psychotic behaviour pattern) the 
non-specificity and the vegetative changes has 
been elucidated, we ought to be near to an 
understanding of the mode of action of con- 
vulsive treatment and perhaps pre-frontal 
leucotomy. 


SUMMARY 


1. A new technique for evaluating the 
changes produced in the brain by electrocon- 
vulsive therapy is described. It is based on 
measurements of the run of delta activity that 
appears following a standard injection of 
sodium thiopentone within 3-4 hours after a 
convulsion. This delta activity has a finite 
duration which never exceeds 300 see. and the 
measurement consists of plotting the changing 
value during courses of ECT of the percentage 
of time occupied by delta waves during the 
300 sec. following their appearance. 

In eases of endogenous depression it has 
been found that this measurement shows a 


1 There is some evidence to suggest that the 
appearance in the EEG of the diffuse, high voltage, 
rhythmic frontally predominant slow waves to which 
reference is made here, is secondary to activation of 
the diffuse projection system (Roth 1951). 
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closer association with the clinical changes 
during an ECT series than EEG changes 
in the ordinary record. The per cent time 
score shows a progressive increase with suc- 
cessive ECT but reaches a plateau and oc- 
easionally shows a decline from the peak 
in courses of more than nine. The shape of 
the curve and the peak value reached show 
a wide range of variation in different individ- 
uals for identical courses. 

3. This range of variation is of significance 
for prognosis. Those with peak values of 
under 40 per cent show significantly higher 
relapse rates than those with values above 
this figure, at 3 and at 6 months after the end 
of treatment. The mean peak value of the 
slow activity is significantly lower in relapsed 
eases than in those maintaining stable remis- 
sions. 

4. It would seem likely that cases of endo- 
genous depression attaining values of 35 per 
cent or below have not acquired an adequate 
physiological basis for recovery. On this basis 
a simple tentative method for applying the 
observations is suggested. 

5. The changes are frontally predominant 
and it is suggested that the quantitative prin- 
ciple shown to operate in the relationship be- 
tween prognosis and thiopentone induced slow 
activity may be identical with that shown (by 
the relationship between outcome and extent 
of the lesion in thalamo-cortical fibres) to 
operate in relation to prefrontal leucotomy. 
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The evidence suggests that the factor held in 
common by the two forms of treatment is the 
derangement in function of the thalamo- 
frontal system, temporary in the case of ECT, 
permanent in leucotomy. 


6. It is this relative inhibition or partial 
elimination of thalamo-frontal system that 
may be related to the non-specificity of the 
two treatments and perhaps the vegetative 
changes are secondary to the disturbing in- 
fluence of the convulsions and prolonged dys- 
rhythmia in one case, and the surgical lesion 
in the other. 
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EDITORIAL NOTE 


CORRECT TERMINOLOGY 


ALEXANDER FORBES, M.D. 
The Biological Laboratories, Harvard University, Cambridge, Mass. 


Two words, commonly used in neurophysiology, are 
frequently misused in ways that may cause serious 
confusion. These words are electrode and volley. 

Webster’s New American Dictionary (1956) cor- 
rectly defines ‘‘electrode’’: ‘‘either terminal of an 
electric source, an anode or a cathode’’. Very fre- 
quently in physiological literature, two or more elec- 


trodes, mounted together for convenience of manipula- | 


tion, are called ‘‘an electrode’’ (cf. Burlo 1955). 
The temptation to do so is especially strong in the 
ease of a concentric pair of electrodes made by 
inserting an insulated wire inside a hypodermic 
needle. The apparent unity of the device in no way 
justifies the misuse of a clearly-defined word. An 
earlier protest against this abuse (Forbes 1935) has 
been almost universally forgotten; hence the need to 
reiterate it. ‘ 

To call a pair of electrodes a ‘‘bipolar electrode’’ 
is exactly on a par with calling a pair of gloves 
a ‘‘bimanual glove’’. A term borrowed from physics 
with a well-defined meaning should not be used in a 
different sense through the caprice of the physiologist. 
To do so is almost certain to cause confusion, espe- 
cially since it is common practice in some experiments 
to use a single localizing electrode with a remote 
diffuse electrode to complete the circuit. The reader 
seeing the word ‘‘electrode’’ does not know whether 
the author really means one electrode or two. 

The word ‘‘volley’’ has frequently been misused 
in a way which can cause even more serious confusion. 


It is defined in the above-named dictionary as ‘‘the 
shooting of many missiles at once’’. I believe Sher- 
rington first introduced it into physiology to denote 
the synchronous firing of impulses in all or most of 
the fibers in a nerve, as is done when a single brief 
stimulus is applied. It is also applicable to the re- 
sulting discharge of impulses in the motor neurones, 
e.g. in the flexion reflex, in which all neurones dis- 
charge simultaneously. The lack of ‘perfect synchro- 
nism in such a discharge is analogous to that of a 
squad of soldiers whose reaction times to the order 
‘‘fire’’ differ by a small fraction of a second. In 
either case the word ‘‘volley’’ is legitimate. 


The improper use of the word, frequently found in 
the literature, is its application to a train of successive 
discharges from one or more neurones. This pheno- 
menon commonly occurs in the nervous system and is 
quite different from a volley in the proper sense of 
the word (ef. Forbes et al. 1949, footnote p. 141). 
The difference is significant and important. 
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INTRODUCTION 


The alteration of the spontaneous rhythms 
of the brain by rhythmic photic stimulation 
was first reported by Adrian and Matthews 
(1934). They noted that the potential waves 
of the flicker response usually occurred at 
the same rate as the stimulus. Occasionally, 
rhythms could be obtained at double or half 
the rate of the flickering light. Walter and 
Walter (1949) have emphasized that the re- 
sponse is actually compound at all times, de- 
monstrating multiple harmonic and subhar- 
monic components. Photomyoclonie and pho- 
toconvulsive responses have been identified 
and studied particularly in relation to the 
epilepsies (Walter, Dovey and Shipton 1946; 
Walter 1946; Gastaut, Roger and Gastaut 
1948; Walter and Walter 1949; Lerique- 
Koechlin, Nekhorocheff and Le Mansee 1950; 
Daly and Bickford 1951; Bickford, Sem- 
Jacobsen, White and Daly 1952; Buchthal 
and Lennox 1953; Mundy-Castle 1953; Herr- 
lin 1954; Laget and Humbert 1954). 


The photic response of patients with 
organic cerebral lesions has received com- 
paratively little attention. Walter and Wal- 
ter (1949) cited two eases with unilateral 
lesions. Using electronic frequency analysis 
they noted differences in the proportion of 
fundamental and harmonic components over 
the two hemispheres. In one ease, the re- 
sponse at the fundamental to an 8 @/sec. 
stimulus was more prominent than a 24 ¢/see. 
harmonic component over the normal hem- 
isphere, whereas on the side of the lesion 


1 Portions of this study were presented at the 
meeting of the Central Association of Electroenceph- 
alographers, St. Louis, Missouri, Nov. 1954 and at 
the meeting of the Western Society of Electroenceph- 
alography, Phoenix, Arizona, Nov. 1955. 
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the proportions were reversed. In a second 
case, a smaller response was demonstrated on 
the side of the lesion at fundamental fre- 
quencies below 18 ¢/see. Weil (1952), how- 
ever, has described a patient with a unilateral 
parieto-occipital skull fracture in which the 
affected areas responded more readily to in- 
termittent flicker than the contralateral ho- 
mologous regions. Weil and Nosik (1952) 
found that photic stimulation brought out 
cross desynchronization of the pattern (‘‘hem- 
ispherie activation’’) over the affected 
temporo-occipital areas in three patients with 
homonymous hemianopsia. In a report of 
electroencephalographie findings associated 
with subdural hematoma, Rodin, Bickford 
and Svien (1953) stated that the photic re- 
sponse was absent or poor in 14 eases, bilat- 
erally equal in 9, better on the normal side 
or side of the smaller hematoma in 8 and 
better on the side of the hematoma in 6. Al- 
though no consistent lateralization of response 
was observed they noted a possible relation- 
ship between the occurrence of a delta focus 
and suppression of the photic response. Far- 
brot (1953) noted similarly, but in patients 
with cerebro-vaseular accidents, that suppres- 
sion of the photic response may occur at the 
border of a delta focus to high frequencies 
(12-27 c/sec.). In addition he observed during 
the same examination, that slow frequencies 
of photic stimulation (.8-4 ¢/sec.) may give 
high amplitude atypical spike-wave responses 
arising from the same area that showed sup- 
pression to high frequencies. Ostow (1953) 
noted that the ‘‘quality of driving seems to 
deteriorate’? when sporadic or serial slow 
activity is present in the resting electro- 
encephalogram. On the other hand, he found 
that the quality of driving improves with the 
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subject’s age and concluded that ‘‘good 
quality suggests impaired cerebral function- 
ing such as may accompany aging’’. 

The present study was designed as a gen- 
eral survey of the photic response in a group 
of patients with heterogeneous organic cer- 
ebral disorders in order to assess the relative 
usefulness of routine photic stimulation in the 
diagnosis of organic cerebral dysfunction. 
Characteristics of the photic response, visual- 
ly analyzed, of 100 patients with organic 
cerebral damage and 90 control subjects are 
described. Particular attention is given to the 
following questions: 

1. Are significant differences found be- 
tween the two groups ? 

2. Is a generalization possible about in- 
creased or decreased responsiveness in the 
organic group ? 

3. Must visual pathways be involved be- 
fore the response is altered ? 


METHOD ‘ 


One hundred patients were selected who evidenced 
cerebral damage at the time of the electroencephalo- 
gram from neurological, psychological, arteriographic 
or pneumographic examination, operative or autopsy 
findings. In most cases evidence of cerebral involve- 
ment was confirmed by more than one investigative 
technique. The clinical record of each patient was 
reviewed and sex, age, diagnosis, chronicity of illness, 
lateralization of lesion, presence of convulsions, ocular 
findings, visual field defects, spinal fluid pressure, 
elouding of sensorium, results of skull films, air 
studies and arteriograms, anticonvulsant and other 
pertinent medications, psychological test data and 
operative and post-mortem findings were tabulated. 
Ventricular dilatation was required to be of moderate 
or greater degree or definitely. asymmetrical before 
being considered confirmatory evidence. In 21 patients 
mental symptoms were the only evidence of cerebral 
dysfunction. These patients had received diagnoses 
of chronic brain syndrome and all showed moderate 
to severe impairment on psychological testing. There 
were 98 males and 2 females ranging in age from 
22 to 88 years with a median age of 53. The 
diagnostic distribution of the patient group is shown 
in table I. It should be noted that the electroenceph- 
alograms were obtained only post-operatively in some 
patients. In all cases, however, signs of brain damage 
were present at the time of the electroencephalographie 
tracing. 

The control group consisted of 90 volunteers who 
were doctors, nurses, aides and students. In no ease 


was there a history of neurologic disorder or a family 
history of epilepsy. This group included 77 males 
and 13 females ranging in age from 29 to 60 years 
with a median age of 26. 


TABLE [I 
CLASSIFICATION OF PATIENTS 


Number of Patients 


Diagnostic Category 


Cerebrovascular accident 27 
Brain tumor 12 
Aneurysm 3 
Cerebral trauma 11 
Infectious process 7 
Chronic brain syndrome 31 
Subdural hematoma 4 
Epidural hematoma 1 
Miscellaneous 4 

Total 100 


The electroencephalograms were taken with a 
Grass Model III D electroencephalograph. In the 
control series standard frontal, central, occipital, and 
temporal sealp derivations and ear lobe grounds were 
used. Both sealp-scalp and sealp-ear runs were in- 
cluded. In the clinical group anterior temporal and 
vertex leads also were used in all routine electro- 
encephalograms. Fifty-eight of the patients received 
a more extensive localizing examination with ad- 
ditional lower premotor, lateral parietal and posterior 
temporal leads. In the control group, 86 per cent of 
the records were considered normal or borderline (6 
cases) and 14 per cent abnormal compared with 12 
per cent (3 borderline) and 88 per cent respectively 
in the organie group. 

The response to photie stimulation for purposes 
of group comparison was always estimated from the 
occipital derivations paired with the combined ears. 
However, asymmetries were frequently verified by 
simultaneously recording with other posterior quadrant 
leads. The occipital leads were carefully placed 8 em. 
posterior to the central leads which were centered 
4 cm. from the midline on the interaural plane. 

The photic stimulation followed a standard pro- 
cedure in each case. Samples of the response to 20 
different frequencies — 1, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 16, 18, 20, 22, 24, 26, and 30 ¢/sec. — 
and to variable stimulation were obtained. The photic 
stimulus was presented for 20 see. with 20 see. be- 
tween presentations. During the variable stimulation 
the rate was continuously varied. This was initiated 
at 3 ¢/see., increased to 20 ¢/sec., decreased to 10 
e/see. and then rapidly rotated between 10 and 15 
e/sec. The photic stimulation was provided by a 
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STIMULATION 


Grass Model PS-1 photo-stimulator which gives a 
blue-white flash of 10 microseconds duration. At the 
constant intermediate setting that was used through- 
out the study the peak beam intensity was calculated 
to be approximately 375,000 candle power. The flash 
lamp was placed 15 em. from the eyes and was ¢are- 
fully centered in relation to the level of the eyes and 
angle of incidence of light rays. The examinations 
were carried out in a dimly lit room. The subjects’ 
eyes were closed throughout the procedure. 

The response to each frequency of photic stimula- 
tion was evaluated over each hemisphere in the follow- 
ing fashion. The response at the fundamental fre- 
queney was estimated semi-quantitatively with ‘‘0’’ 
indicating no detectable response, ‘‘1’’ indicating a 
response identified during less than 10 seconds of 
the stimulus period and ‘‘2’’ indicating a response 
identified during more than 10 seconds of the stimulus 
period. Responses at harmonic or subharmonic fre- 
quencies were noted as present or absent. No further 
subdivision of these components was attempted. 
Photomyoclonic and photoconvulsive responses were 
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RESULTS 


The normal response to photic stimula- 
tion. All 90 control subjects responded at the 
fundamental to one or more frequencies of 
photic stimulation. The response was usually 
readily visible at many frequencies. Harmo- 
nies of the stimulus frequency were common 
(87 per cent). Subharmonies were noted in 
36 subjects (40 per cent). In some instances 
the response continued unchanged throughout 
the 20 see. of stimulation but frequently it 
was seen to vary in amplitude and form from 
second to second. It was usual at high fre- 
quencies (18 ¢/see. and above) for the re- 
sponse to be evident only during the first 
few seconds of the stimulation period. 

The response could be recorded from wide 
areas over posterior head regions. It was 
commonly seen in central leads, and dif- 
ferences in the frequency characteristics were 
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Fig. 1 
Average response at frequencies from 3 to 30 e/see. Controls are divided 
into those with dominant rhythms above and those below 11 ¢/sec. Details 
of ocular involvement in text. Response in the patients with homonymous 
hemianopsia is that over the hemisphere opposite the field defect. 


noted as present or absent. An asymmetry was said 
to exist if a 50 per cent difference in amplitude or 
incidence of the response between the homologous 
occipital derivations occurred. Special features of 
the response were also recorded. 

The EEG records were scored without knowledge 
of the clinical data. Correlations were set up between 
the various clinical and electroencephalographie va- 
riables. 


The greatest error in the judgment of the re- 
sponse to photie stimulation would be expected when 
the frequencies of stimulation were approximately 
those of spontaneous rhythms. This error was min- 
imized by observation of the form and areal distribu- 
tion of the response in addition to careful frequency 
determinations. 


noted between occipital and central responses. 
Central responses at the fundamental were 
observed that were of higher amplitude than 
those occurring at the same instant posterior- 
ly, particularly at stimulus frequencies of 6, 
7 and 8 @¢/see. 

The relative group responsiveness at the 19 
stimulus frequencies from 3 to 30 ¢/see. is 
seen in figure 1. The estimate of group re- 
sponsiveness was derived from averaging the 
response scores at each frequency for each 
subject. A response at the fundamental was_ 
observed more frequently and was likely to 
be more persistent to those flash frequencies 
from 9 to 22 e/see. The controls were divided 
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into two sub-groups, those with dominant fre- 
quencies above 11 ¢/sec. and those below. Sub- 
jects with basic patterns faster than 11 ¢/see. 
tended to show a greater responsiveness in 
the fast and perhaps alpha ranges. A similar 
finding has been noted by Mundy-Castle 
(1953). 

The frequencies at which harmonic and 
subharmonic responses were most easily de- 
tected are shown in figures 2 and 3. 

Comparison of responsiveness between 
control and organic groups. An attempt was 
made to compare the relative responsiveness 
at each frequency between the 90 control sub- 
jects and 52 patients without evidence of 
ocular damage or homonymous hemianopsia. 
Figure 1 presents the observed differences 
for the response at the fundamental. The 
organic group showed a reduction of respon- 
siveness over the entire frequency range when 
compared with either of the control sub- 
groups. The curve was derived using the re- 
sponse over the hemisphere that presented the 
lesser response. However, when the response 
characteristics of the other hemisphere were 
used, the curve changed only slightly. Fur- 
thermore, deletion of those cases in which 
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there was prominent delta activity in the 
occipital leads did not alter the curve. In a 
group of 27 cases with ocular damage includ- 
ing unilateral or bilateral optic atrophy, pa- 
pilledema, macular degeneration, choriore- 
tinitis, retinal artery thrombosis and cata- 
racts, the response at each frequency was 
slightly less than in the organic group without 
ocular lesions. Figures 2 and 3 present a 


comparison of the occurrence of harmonic and 
subharmonic responses. Organically damaged 
subjects demonstrated fewer detectable har- 
monic responses. The findings for subharmo- 
nics were equivocal. 
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A judgement of over-all responsiveness to 
photic stimulation was determined for each 
subject by adding the numerical estimate of 
the response at the fundamental for each fre- 
quency from 3 to 30 ¢/sec. Average over-all 
responsiveness for the control group was 17.0, 
for organics without ocular involvement, 8.8, 
for organics with ocular involvement, 5.4, and 
for organics with homonymous hemianopsia, 
3.4. 

The subjects were further grouped into 
four categories according to over-all respon- 
siveness. The categories of responsiveness were 
designated marked, moderate, minimal and 
none, corresponding to scores of 21 to 30, 11 
to 20, 1 to 10, and 0, respectively. The results 
are indicated in table II. There was a general 
trend to lesser responsiveness in the organic 
groups. Absence of detectable response oc- 
curred only in the patient groups. Marked 
over-all responsiveness was observed appre- 
clably less frequently in the organic group 
and no single organic case with an active re- 
sponse was found whose score could not be 
duplicated by one or more subjects in the 
control group. 

Lateralization of the photic response. 
Lateralized responses were of two types, 
those showing a difference in amplitude or 
incidence (50 per cent or more) of the rep- 
etitive response to flash frequencies of 4 
to 30 ¢/see. (figs. 4 and 5) and those showing 
an amplitude difference (50 per cent) of 
single responses to 1 ¢/sece. and rarely 3 ¢/see. 
stimuli (fig. 6). Subjects with shifting asym- 
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TABLE II 
CATEGORIES OF RESPONSIVENESS IN CONTROL AND ORGANIC GROUPS 


Organic Group 
without Ocular 


Photic Response Control Group 


Organic Group 
with Homonymous 


Organic Group 
with Ocular 


Involvement Involvement Hemianopsia 
No. % No. % No. % No. % 
Marked 36 40.0 4 ed 1 5.0 0 0.0 
Moderate 43 47.8 19 36.6 5 25.0 1 12.5 
Minimal ; 11 12.2 23 44.2 6 30.0 3 37.5 
None 0 0.0 6 11.5 8 40.0 | 50.0 
Totals 90 100.0 52 100.0 20 100.0 8 _ 100.0 


metrical responses or bilateral responses char- 
acterized by differences in fundamental, 
harmonic or subharmonic content were not 
considered in the tabulation. There were 39 
eases with clinical evidence of direct involve- 
ment of only one hemisphere, with or without 
visual impairment. This group included pa- 
tients with cerebro-vascular accidents, brain 
tumors and focal infectious processes. Of 
these 39, 18 (46 per cent) showed a signifi- 
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eant difference in the photic response over 
the two hemispheres. Of the remaining 61 
eases with known or possible bilateral damage, 
14 (23 per cent) showed such a lateralization. 
Five (6 per cent) of 90 controls showed a 
similar finding. The relationship between c¢lin- 
ical and electroencephalographic lateraliza- 
tion can be restated this way. Of the 32 pa- 
tients with an asymmetrical response to photic 
stimulation, 18 had clinically unilateral le- 
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Fig. 4 


Male, age 60, cerebrovascular accident 24% years prior to EEG examination. 


Right hemi- 


paresis, mixed aphasia. Note lack of response on left. In this and subsequent figures scalp 
leads are designated F-frontal, LP-lateral parietal, M-motor, O-occipital, PT-posterior temporal, 


T-temporal, reference leads, BE-both ears, V-vertex, L-left, R-right. 
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Male, age 23, cerebrovascular ‘accident 3 weeks prior to EEG examination. Right hemiparesis, 
right congruous homonymous hemianopsia. Asymmetrical response to 14 ¢/sec., less on left, 
in the presence of marked delta activity. 
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Fig. 6 


Male, age 61, cerebrovascular accident 17 months prior to EEG examination. L. hemiplegia, 
no hemianopsia. Broad triphasic responses to slow stimuli on lesion side. 


cas 
pha 
2 es 
case 


wer 
eur’ 
flas 


sions. The other 14 cases are of interest be- 
cause of the possibility of hemispheric dif- 
ferences in the location and extent of cerebral 
damage. The diagnoses in these 14 cases were 
post-traumatic encephalopathy (7), subdural 
hematoma (2), multiple cerebro-vaseular ac- 
eidents (1), encephalitis (1), hypertensive 
encephalopathy (1), multiple sclerosis (1), 
and subarachnoid hemorrhage (1). 

The asymmetry of the response in the 
18 lateralized cases was characterized by lesser 
response on the side of the lesion to fre- 
quencies in the 4 to 30 ¢@/see. range in 15 
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of this type were not seen in the control 
group. As noted above, they occurred three 
times in patients with unilateral lesions, 
either appearing only on the side of the 
lesion or with higher amplitude on that side 
(fig. 6). Four additional patients whose le- 
sions were questionably or non-lateralized 
showed this type of response. In two it was 
bilaterally equal and in two asymmetrical. It 
should be noted that other cases have been 
studied in which this type of response was 
not initially apparent with routine testing but 
could be elicited by increasing the flash in- 
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Fig. 7 


Male, age 74, marked organic brain syndrome, paralysis agitans. Bilateral 


broad triphasic responses to slow stimuli. 


with frontal eye artifacts. 


cases; by a higher amplitude of broad tri- 
phasic responses on the side of the lesion in 
2 cases ; and because of both phenomena in one 
case. 

The responses to slowly repeated stimuli 
were of special interest. These responses, 0c- 
curring to 1 ¢/see. and infrequently to 3 ¢/see. 
flash rates, were characteristically broad, 
triphasic formations of 50-80 »V. Responses 


Note lack of correspondence 


tensity. Figure 7 shows these occurring sym- 
metrically in the posterior leads with some 
spread anteriorly in a 74 year old patient 
with paralysis agitans and a marked organic 
brain syndrome. When formations of this type 
were present, responses to faster stimulus fre- 
quencies were absent or minimal. None of 
these patients had seizures. 

Asymmetries in response were seen over 
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the entire range of frequencies, roughly paral- 
leling the occurrence of response at each fre- 
quency. 

Photic response in homonymous hemianop- 
sia. A small group of 9 patients demonstrated 
homonymous hemianopsias. One of these also 
had optic atrophy and had no detectable re- 
sponse to photic stimulation. The average re- 
sponse of the remaining 8 for each frequency 
on the side of the lesion is shown in figure 1. 
The average response was less at each fre- 
quency than in any of the other groups. Five 
showed no response, 2, minimal, and 1, good, 
over the hemisphere contralateral to the 
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perimeter testing. Perimeter fields were not 
obtainable in the other case because the patient 
was not cooperative. However, a hemianopie 
defect was repeatedly demonstrable by con- 
frontation. In contrast, the patient with the 
unexpectedly strong response was found to 
have incongruous field changes, thalamic sen- 
sory changés and extrapyramidal involuntary 
movements. There is the possibility that this 
last patient might have had optic tract in- 
volvement as opposed to the more usual in- 
volvement of the optic radiations. 

Of those cases without ocular damage, an 
asymmetry of the photic response was ob- 
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Fig. 8 
Male, age 42, encephalopathy due to remote infection. Incongruous left homonymous hemi- 
anopsia, left extrapyramidal involuntary movements, left thalamic sensory change. Atypical 
response in patients with homonymous hemianopsia in that the response is equal or greater 


on the side opposite the field defect. 


hemianopsia. The response was seen more 
clearly over the other hemisphere in 5 of the 
eases. Two of the cases showed no or minimal 
response over either side. In the other case, 
the response was well marked and of greater 
amplitude over the hemisphere contralateral 
to the hemianopsia (fig. 8). This last case 
is of interest because of its lack of similarity 
to the other 7. These 7 were noted to have 
hemiplegia with or without aphasia. Con- 
gruous field defects were present in 6 with 


served in 6 of 8 patients with homonymous 
hemianopsia and 7 of 17 patients with la- 
teralized lesions without demonstrable field 
defects. All of the patients with homonymous 
hemianopsia with a lesser response over the 
side of the lesion also showed slow formations 
in the resting record on that side except for 
one case (fig. 9). 

Photomyoclonic and photoconvulsive re- 
sponses. Four of the organic group demon- 
strated photomyoclonic responses. None of 
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these had a history of convulsions although 
29 of the patients gave such a history. Two 
of the patients with photomyoclonic responses 
were diagnosed cerebral thrombosis, 2, general 
paresis. Photomyoclonic responses were not 
seen in the control group. Photoconvulsive 
responses did not occur in either group. 
Photic responses in relation to the resting 
EEG. A tabulation was made of the 52 cases 
without ocular damage or homonymous he- 
mianopsia correlating the basic frequency 
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frequency with harmonic responsiveness re- 
vealed no apparent trend. 

The presence of moderate and marked 
unilateral delta activity was usually associat- 
ed with reduction of response as compared 
with the contralateral hemisphere. The re- 
sponse did not differ significantly in those 
patients with small amounts of unilateral or 
shifting delta activity and those without it. 
The presence of delta activity alone did not 
account for the reduced responsiveness in the 
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Fig. 9 


Male, age 68, cerebrovascular accident 2 


months prior to EEG examination. Left congruous 


homonymous hemianopsia. Response decreased in right occipital and right lateral parietal 


leads. 


(non-involved side) of the resting record with 
average over-all response at the fundamental. 
Five patients with low voltage fast records 
were omitted from the tabulation. A possible 
trend was noted in that of the 24 patients 
with basic frequencies slower than 9 @¢/sec., 
15 (62.5 per cent) showed less than average 
over-all responsiveness, whereas of the 23 pa- 
tients with frequencies higher than 9 ¢/sec., 
9, (39.1 per cent) showed less than average 
response. That an active response to photic 
stimulation may occur in the presence of a 
slow basic pattern is shown by 3 eases with 
dominant 7-8 ¢c/sec. patterns whose over-all 
responsiveness exceeded the average for the 
normal control group. A correlation of basic 


organic group inasmuch as average respon- 
siveness at the.fundamental was 10.5 for pa- 
tients without delta activity and, as pre- 
viously noted, 17.0 for controls. 

The EEG records of the 32 patients with 
asymmetrical responses to photic stimulation 
were reviewed to determine whether there 
were corresponding asymmetries of the basic 
pattern. Nineteen showed a 50 per cent dif- 
ference in alpha or subalpha amplitude or 
incidence with the asymmetry paralleling that 
to photic stimulation. Eleven showed a sym- 
metrical basic pattern. In 2 eases, alpha ac- 
tivity was more evident on the side opposite 
the more pronounced photie response. Of 
the 5 controls that revealed an asymmetry of 
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response, only one demonstrated a _ similar 
asymmetry of the basic pattern. One of the 
organic cases with reversed asymmetry of 
the dominant pattern and photic response had 
a clearly lateralized lesion (brain tumor). 
The response to photic stimulation was char- 
acteristically reduced over the side of the 
lesion even though the background pattern, 
which was in the normal alpha range, was of 
higher amplitude than over the non-involved 
hemisphere. In many eases, both with sym- 
metrical and asymmetrical basic patterns 
(7-13 ¢/sec.), the asymmetries of the re- 
sponses to photic stimulation were only to 


slow or fast frequencies or in harmonic re-. 


sponses. 
DISCUSSION 


It should be emphasized that the present 
method of approach is of value only in in- 
dicating broad group trends and in detecting 
certain organic cases with responses that dif- 
fer markedly from the normal. Furthermore, 
it is obvious that the estimates of group re- 
sponsiveness at each frequency and overall re- 
sponsiveness for each subject have only com- 
parative value as related to the procedural 
constants of the present investigation. 


The question of whether or not there is a 
undirectional change in response to photie 
stimulation associated with cerebral damage 
does not resolve into a simple affirmative or 
negative answer. In general, the response is 
reduced. This is demonstrated not only by 
the observed differences between the normal 
and patient groups but also by the frequent 
finding of lesser responsiveness of the involved 
hemisphere when unilateral cerebral damage 
is present. However, the frequency of the 
stimulus must be considered inasmuch as 
broad high amplitude responses may occur to 
slow stimuli (1-3 c/see.) in the face of a re- 
duced response to higher frequencies. These 
observations parallel those of Farbrot (1953). 

Our findings do not support the concept 
that increased responsiveness to photic stim- 
ulation occurs in association with mental 


deterioration unless it is limited to a considera- 
tion of the distorted high amplitude responses 
to slow stimuli. On the contrary, an active 
response to a broad range of frequencies char- 
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acterizes the normal effect of rhythmic visual 
stimulation. 


The clinical usefulness of photic stimula- 
tion for the diagnosis of organic cerebral dys- 
function depends in part upon whether the 
response is a different order of cerebral activ- 
ity than the spontaneous rhythms. It is clear 
that if the photic response is merely a re- 
arrangement of events occurring spontaneous- 
ly which are evident in the resting electro- 
encephalogram that the variations observed 
after photic stimulation should also be seen 
as variations in the resting pattern. Exper- 
imental evidence suggests that certain evoked 
and spontaneous potentials may in part in- 
volve common neural mechanisms. Several 
components of the response of the visual cor- 
tex to a single flash of light have been de- 
scribed. These have been outlined by Brazier 
(1953). The primary response to a single 
flash is a short latency potential, recordable 
in man only with special techniques (Cobb 
1950). A more easily recordable response is 
one beginning approximately 100 msec. after 
the flash. As Brazier has pointed out there 
is reason to believe this response is similar to 
the secondary discharge to stimulation of the 
sciatic nerve in cats under deep barbiturate 
anesthesia, described by Derbyshire, Rempel, 
Forbes and Lambert (1936). In 1939 Forbes 
and Morison noted that a spontaneous wave 
just preceding the sciatic stimulation could 
block the appearance of the secondary dis- 
charge and inferred that both may involve the 
same mechanism. Bishop and Clare (1952) 
have reviewed the studies of the evoked re- 
sponse in the visual system which also led 
them to the inference of a common mechanism 
between the after-discharge of the evoked 
response and spontaneous alpha activity. 
Identification of the repetitive photic re- 
sponse as involving a common neural mech- 
anism with alpha activity is supported clin- 
ically by the instances in which the alpha 
rhythm appears to be completely supplanted 
by the new photically evoked rhythm. 

On the other hand, dissimilarities in the 
areal distribution of the spontaneous rhythms 
and the repetitive photic response appear to 
indicate some independence of’ the two sys- 
tems. Walter and Walter (1949) noted that 
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the same cortical areas were not involved in 
the photic response and the alpha rhythm. 
Rodin, Bickford and Svien (1953) in a study 
of electroencephalographic findings asso- 
ciated with subdural hematoma noted that an 
asymmetry of alpha activity between the two 
hemispheres did not always correspond with 
the asymmetry of the photic response. Our 
findings also indicate that an asymmetry of 
the response to photic stimulation frequently 
does not reflect a similar asymmetry of the 
resting pattern. Differences between sponta- 
neous and evoked rhythms are also seen in 
variations in anterior-posterior potential gra- 
dients. Furthermore, the photic response may 
not involve precisely the same neuronal 
groups at all frequencies. Subjects have been 
observed who showed a higher amplitude re- 
sponse at the fundamental in central than in 
posterior regions at 6-8 ¢/sec. flash rates, 
whereas at higher rates the response was con- 
fined to posterior head regions. The inde- 
pendence of spontaneous and evoked repe- 
titive rhythms is well illustrated by a patient 
with homonymous hemianopsia in which no 
difference could be observed in the basic 
alpha pattern between posterior quadrants. 
However, with photic stimulation the side of 
the lesion showed a complete absence of 
detectable response whereas the other side 
responded actively (fig. 9). Although a 
tendency for greater photic response with fast 
alpha and low voltage fast records has been 
noted, this is by no means constant and un- 
usually strong responses may occur in normal 
subjects with high amplitude slow alpha rest- 
ing patterns. Ulett et al. (1953) have em- 
phasized this ‘‘latent tendency’’ to respond. 
Active responses were also seen in our organic 
group in several patients with 7-8/see. dom- 
inant frequencies. Thus it is clear that the 
photic response reveals aspects of neural fune- 
tion not apparent from the resting tracing. 

Our evidence suggests that diminution of 
the response to photie stimulation is likely 
to occur when visual pathways are involved 
but that this is not a necessary condition for 
decreased response (table II). The lack of 
response on the side of the lesion in patients 
with homonymous hemianopsia is not un- 
expected. A lesion of the optic pathways 
resulting in visual loss should block impulses 
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which would normally arrive at the visual 
cortex. However, unexplicably, an active re- 
sponse was found in one patient over the 
hemisphere opposite an incongruous field 
defect. The significance of this lack of rela- 
tionship is not clear but one obviously wonders 
what part associated activity within visual 
association areas or the reticular activating 
system may play. Activity in structures not 
included in the primary visual pathway has 
been reported (Gerard, Marshall and Saul 
1936; Ingvar and Hunter 1955) to occur with 
photic stimulation. 


The information gained from photic stim- 
ulation was not used for assessing relative 
normality of the records in this study. It 
appears, however, that certain features of the 
photic response may be useful in record 
evaluation particularly if used in conjunction 
with the usual criteria. Evidence of hem- 
ispheric abnormality may be indicated by 
lateralization of the response when the resting 
record shows symmetrical activity in homol- 
ogous areas. More usually, lateralization of 
the response can be correlated with other signs 
indicating unilateral or unequal hemispheric 
involvement. Lack of detectable response in 
the absence of visual impairment and the 
presence of certain broad triphasic responses 
leads to the suspicion of organic cerebral dys- 
function. On the other hand, photomyoclonic 
responses, although occurring only in the 
organic group, did so rarely and in patients 
without a history of convulsive disorders. 
Thus no clue is gained as to their possible 
significance in the framework of the present 
investigation. 


CONCLUSIONS 


1. A comparison between a group of 90 
control subject and 100 organically brain- 
damaged patients showed significant differ- 
ences in response to intermittent photic stim- 
ulation. 

2. Responsiveness was reduced (4 to 30 
e/sec.) in the organic group without visual 
impairment. A further decrease in responsive- 
ness was observed in the group with both 
brain and ocular damage. The greatest re- 
duction was noted in a small group of patients 
with homonymous hemianopsia. 
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3. Unilateral hemispheric damage with or 
without a visual field defect was commonly 
associated with asymmetry of the photic re- 
sponse, the lesser response (4 to 30 c/see.) in 
the present series, always being on the side of 
the lesion. 

4. Characteristic broad triphasic responses 
to slowly repeated stimuli were seen only in 
the organically damaged group. 

5. Photomyoclonie responses were seen 
infrequently in the organic group and were 
not observed in the control group. They were 
not found to be associated with a history of 
convulsive disorder. 


The authors wish to express their appreciation to 
Doctor H. Birnet Hovey for the detailed review of the 
psychological test protocols and to Miss Ruth Rowe 
for excellent technical assistance. 
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This study was undertaken in an attempt 
to establish the reliability of methods to be 
used in later experiments aimed at elucidat- 
ing the neural pathways involved in the myo- 
clonic response to photic stimulation. It had 
been suggested (Gastaut and Hunter 1950) 
that measurements of the latent period of 
responses to photic stimulation permit de- 
ductions concerning the route traveled by the 
light impulse through the nervous system. 

It is clear that, if measurements of the 
latent period of responses to photic stimula- 
tion are to be used to determine the pathways 
followed by the light impulse through the 
brain under conditions of pentylenetetrazole 
(Metrazol) activation, a thorough investiga- 
tion of factors influencing such latent periods 
should be carried out as a preliminary study. 
Therefore we studied the influence of (1) bar- 
biturate anesthesia and (2) pentylenetetra- 
zole (and barbiturate anesthesia) on measure- 
ments of the latent period of responses at 
various points in the visual pathway. 

A review of the literature indicated that 
the effect of anesthesia on responses evoked 
by photic stimuli had not been studied inten- 
sively. This is particularly true in relation 
to the latent period of such responses. The 
studies in the literature indicate that (1) 
evoked responses persist after all spontaneous 
activity has been suppressed by barbiturate 
anesthesia (Bremer 1937; Derbyshire et al. 
1936; Marshall, Woolsey and Bard 1941; 
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Woolsey 1947) ; (2) the primary wave is more 
resistant to the effects of anesthesia than are 
the other portions of the evoked response 
(Adrian 1941; Bremer 1937; Derbyshire et al. 
1936; Forbes et al. 1949; Marshall, Talbot and 
Ades 1943; Marshall, Woolsey and Bard 
1941); (3) the refractory period, after an 
evoked response, is prolonged in deep bar- 
biturate anesthesia (Beecher, McDonough 
and Forbes 1938; Gastaut et al. 1951; Jarcho 
1949; Marshall 1938; Marshall 1941; Mar- 
shall, Woolsey and Bard 1941; Morin, Gas- 
taut and Corriol 1951), and (4) the latent 
period is changed not at all or only slightly 
by very great changes in the depth of an- 
esthesia (Forbes et al. 1949; Forbes and Mo- 
rison 1939; Marshall 1938; Marshall 1941; 
Marshall, Woolsey and Bard 1941). 


METHODS AND PROCEDURES 


Material. Fifteen cats were used in this 
study. The initial anesthesia was induced by 
intraperitoneal or intravenous injection of 
thiopental sodium. Intraperitoneal injection 
(50 mg. per kilogram) was used only in a few 
of the early experiments, since it was found 
that the intravenous method afforded much 
better control over the depth of anesthesia 
than the intraperitoneal method. After the 
initial anesthetization, a small polythene ¢a- 
theter was placed in a saphenous vein. Addi- 
tional thiopental sodium was administered 
through the catheter as desired. An intra- 
tracheal cannula was used routinely. 


Operative Procedure. A wide craniotomy 
was done, exposing the entire superior aspect 
of both hemispheres in most cases. Mineral oil 
was used on the cortex to prevent drying. The 
head was held rigidly in a special plastic head- 
holder or in the Horsley-Clark apparatus. The 
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eyelids were held open by a suture in each 
upper lid with appropriate tension on the 
same. The nictitating membranes were re- 
moved surgically. The pupils were dilated 
with 1 per cent homatropine before the ex- 
periment was started. Cortical excisions were 
made by suction through a spinal needle with 
a blunt end. Bleeding was usually light and 
easily controlled. 

After the animal was completely prepared, 
curarization was accomplished by means of 
intravenous injection of intocostrin. Then 
artificial respiration was started. Curare was 
given initially to the point of cessation of 


spontaneous respiration, then added period- 


ically when spontaneous activity appeared in 
the record from the muscle electrodes. An 
electric lamp near the animal was used to 
maintain the body temperature. 

Recording Technique. Chlorided silver 
electrodes were used to record from the cor- 
tex, and insulated copper electrodes were used 
for recording from the lateral geniculate and 
the optic nerve. The copper electrodes were 
made of no. 20: enameled wire and were bare 
for 1 to 1.5 mm. at the tip. Monopolar re- 
cording was used throughout, with the indif- 
ferent electrode placed in the posterior neck 
muscles. A ground was attached to the tra- 
cheal cannula. 

Leads from the striate cortex were con- 
sistently placed near the middle of the 
lateral gyrus at the point giving the maximal 
response to photic stimulation at the begin- 
ning of the experiment. The electrode in the 
lateral geniculate was placed by recording 
continuously to the flashing lght both on 
the oscillograph and by. sound as the elec- 
trode was lowered into the brain, after the 
electrode had been oriented by surface mark- 
ings known to overlie the lateral geniculate. A 
great increase in the amplitude of the re- 
sponse, accompanied by increased high-fre- 
quency hissing sounds when the electrode en- 
tered the lateral geniculate, was very char- 
acteristic. Usually only one or two trials were 
necessary to place this electrode accurately. 
Recording from the optic nerve was done by 
means of an electrode placed by direct visual- 
ization at the optic foramen, after resection 
of the appropriate frontal portion of the brain 
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on one side. Muscle recordings were made 
from two needle electrodes in the right biceps 
group of muscles. 

Electrical records were made simultane- 
ously on a six-channel (Offner) ink-writing 
oscillograph and on a double-beam cathode- 
ray oscilloscope. On the ink-writing oscillo- 
graph the low-frequency compensation dial 
was set to a time constant of 0.02 second. 
Integrated brain potentials were recorded as 
described by Bickford (1950), to quantitate 
the changes in EEG (electroencephalographic) 
pattern associated with variation of the depth 
of anesthesia. The bias of the integrator tube 
was adjusted to a leakage value of not greater 
than 1 unit per minute with no signal input. 
Attenuation of the input was adjusted so that 
the largest anticipated signal would fall on 
the linear range of the integrator system. 
This record was made from an area of cortex 
outside the striate area (cruciate suleus) in 
order that the spontaneous potentials might 
reflect changes in the depth of anesthesia un- 
influenced by the evoked discharges. 

Drug Adminstration. Thiopental sodium 
was used in a 5 per cent solution and given 
intravenously in amounts of 0.1 or 0.2 ce. at 
intervals of 4 to 6 min. in various experiments, 
but at a uniform rate in a given experiment, 
depending on the size of the animal. Pentyl- 
enetetrazole (a 5 per cent solution) was given 
intravenously at a rate of 0.1 ec. every 30 see. 
to the desired end point. 

The photographs of the oscillograph trac- 
ings were taken approximately 1 minute after 
the thiopental sodium had been given. This 
avoided the immediate peak reaction to the 
drug. Administration of thiopental sodium 
was repeated soon enough (according to the 
weight of the animal) to avoid the fluctuation 
of the evoked response due to falling concen- 
tration of the anesthetic. It was possible in 
this way to make the anesthetic depression a 
continuous process, at a fairly uniform rate. 

Light Stimulation. The photie stimulator 
(Bickford and Moffet 1951) was placed 11 
inches (about 28 em.) in front of the cornea. 
No attempt was made to limit the area of 
illumination. The rate of stimulation was 
confined to 1 flash per sec. The duration of 
each flash was 50 microseconds to the peak. 


The intensity of the photic stimulus was ap- 
proximately 80,000 foot-candles. All exper- 
iments were done under conditions of dark 
adaptation. 

Measurements of Latent Period. The osceil- 
lograph tracings recorded on photographic 
film were projected on graph paper and 
enlarged about 25 times for measurement of 
the latent periods. All measurements were 
made from the onset of the light flash (light 
artifact) to the onset of the primary evoked 
response. No observations were discarded un- 
less the onset of the primary response was 
not apparent. 


Histologic Control. The site of the gen- 
iculate electrode was marked by electrolysis. 
The brains were perfused with isotonic saline 
solution and then with a solution of formalin 
and 1 per cent potassium ferricyanide. After 
removal they were fixed in formalin for 
several days. The site of the depth electrode 
was identified grossly and also microscopical- 
ly on thionine-stained tissue preparations. 


RESULTS 


Influence of Anesthesia on Latent Period. 
Our experiments have shown that the latent 
period of a response to a photic stimulus 
lengthens as the level of thiopental sodium 
anesthesia deepens. This effect of thiopental 
sodium on the latent period was observed in 
15 different experiments on 15 animals. 

The responses from the optic nerve were 
investigated in only a lmited number of 
experiments and the full range of the latent 
period of these responses was not determined. 

Responses From Striate Cortex. Figure 1 
illustrates the EEG pattern during photic 
stimulation, in an experiment in which 
anesthesia was progressively deepened by 
adding 10 mg. of thiopental sodium intra- 
venously at intervals of 5 min. When the 
experiment was begun, the EEG record (fig. 
1 A-RC) indicated that the animal was in the 
second stage of thiopental sodium anesthesia 
according to the classification of Kiersey, 
Bickford and Fauleoner (1951). The record 
from the lateral gyrus (LL) shows a response 
to each light flash (L). The evoked response 
consisted of a primary response and two 
after-responses and is shown more clearly in 
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the oscillograph tracing (fig. 1F-A). The 
latent period of the response illustrated by 
tracing F-A was 17 msec. 

Figure 1 A to E and figure 2 A to E 
show the changes of the EEG record and the 
mean latent period of the striate response to 
photic stimulation, at corresponding points 
in the experiment, as thiopental sodium anes- 
thesia was progressively deepened. The EEG 
records, A, B, and C of figure 1 show hardly 
any change on visual examination, while the 
corresponding determinations of the mean 
latent period of the striate response (fig. 2 A, 
B and C) inereased progressively as_ thio- 
pental sodium was given. The after-responses 
shown in F-A of figure 1 were suppressed 
between A and B of figures 1 and 2. 

EEG records D and E of figure 1 show 
progressive depression of spontaneous cortical 
activity as more thiopental sodium was given. 
The ‘‘projection activity’? of Morison and 
Dempsey is prominent in EK. The mean latent 
period of the cortical response to light, at this 
stage of the experiment, increased progres- 
sively (fig. 2 D and E) during the same 
period. 
~  Oscillograph tracing F-B of figure 1 was 
photographed at the stage of the experiment 
represented by E of figures 1 and 2. The 
after-responses were suppressed, the ampli- 
tude of the response was diminished and the 
latent period was 25 msec. 

The experiment illustrated in figures 1 
and 2 is representative of the gradual length- 
ening of the latent period and changing 
characteristics of the cortical response to 
photic stimulation that we have seen during 
progressive thiopental sodium anesthesia. The 
range for the latent period of the cortical 
response is somewhat wider than demonstrated 
in this experiment. It is noteworthy that the 
mean latent period may change progressively 
while the EEG pattern is essentially un- 
changed to visual inspection. 

In these experiments it was observed that 
when the latent period of striate response ex- 
eeeded 25 msec. the spontaneous activity of 
the cortex was completely suppressed. 

It was apparent that one could quan- 
titatively relate the change in the latent 
period of the evoked response in the visual 
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Fig. 1 

EEG records in progressive thiopental sodium anesthesia A-E. Right 


eruciate suleus (RC), left lateral gyrus (LL), light flash (L). Oscillograph 
tracings F-A and F-B are evoked responses from the left lateral gyrus 
taken at the beginning and end of the experiment and correspond to 
EEG records A and E respectively. The number below each tracing is the 
latent period in milliseconds. Cat weighing 3.7 kg. was anesthetized 
initially with thiopental sodium (50 mg. per kilogram, intraperitoneally). 
Thiopental sodium given intravenously at rate of 10 mg. at 5-min. intervals. 
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Fig. 2 


Mean latent periods of the cortical response to light 
stimulation, during progressive thiopental sodium 
anesthesia. The intensity of stimulus was about 
80,000 foot-candles. Same experiment as illustrated 
in figure 1; letters A to E on the two figures indicate 
observations at the same stage of the experiment. 


pathway to the amount of thiopental sodium 
given, and also to the stages of EEG activity 
in thiopental sodium anesthesia. However, a 
more precise measure of the changes in cor- 
tical activity associated with progressive nar- 
cosis was desirable. It was decided therefore 
to use the electronic integration method of 
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Relation of the mean latent period of responses from 
the lateral geniculate and the striate cortex, during 
photic stimulation, to the integrator rate per minute. 
Progressive thiopental sodium anesthesia. Oscillo- 
graphic tracings are representative examples of 
evoked responses at the corresponding points on the 
graph. The number under each tracing is the measure- 
ment of the latent period in milliseconds. 
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Bickford (1950) to quantify the changes in 
the EEG pattern associated with variation of 
the depth of anesthesia. An experiment in 
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EEG records during photic stimulation in progressive 
thiopental sodium anesthesia. From the same exper- 
iment illustrated in figure 3. EEG records A and B 
correspond to points A and B of figure 3. EEG 
records C and D eorrespond to points F and H re- 
spectively of figure 3. Animal weighed 5 kg. Thio- 
pental sodium intravenously, 5 mg. at 5-min. intervals 
after the initial anesthetization. Left lateral gyrus 
(LL), integrator (I), lateral geniculate (G), light 
flash (L), integrator rate (IR), right cruciate sulcus 
(RC). 
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which the spontaneous activity was quan- 
titated in this way is illustrated in figure 3. 

In the course of this experiment, the striate 
and lateral geniculate mean latent periods 
increased from 17 and 15 msec. respectively 
to 36 and 32 msec. In this interval the cortical 
integrator rate fell from 70 per min. to zero, 
indicating complete suppression of sponta- 
neous cortical activity. The experiment was 
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and D of figure 4 correspond to points F 
and H of figure 3. 

The oscillograph tracings in the upper left- 
hand corner of figure 3 are representative 
examples at points A, C, F and H of the 
eraph below the tracings. The separation of 
the striate and geniculate values near the end 
of the experiment was characteristic. The 
experiment could be extended to the point 
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EEG records during photie stimulation in progressive thiopental sodium anesthesia. Activation 


of the EEG by intravenous administration of pentylenetetrazole (Metrazol). 


EEG records 


A, B, C and D of this figure correspond to points A, B, C and D respectively of figure 6. 
Note the similarity of records A and C. In D, evoked responses ceased promptly when the 
light was covered and reappeared promptly when the light. was uncovered. Cat weighing 
2.9 kg. was given thiopental sodium, 5 mg. at 5-min. intervals. Pentylenetetrazole as noted 


in figure 6. 


Left cruciate sulcus (LC), lateral geniculate (G), integrator (1), left lateral 


gyrus (LL), right lateral gyrus (RL), light (L), integrator rate (IR). 


carried somewhat beyond this point, as in- 
dicated by the values at H in figure 3. Striate 
and geniculate values ran parallel until near 
the end of the experiment. EEG and _inte- 


grator activity corresponding to these latency 
measurements is shown in figure 4. EEG 
records A and B of figure 4 correspond to 
points A and B of figure 3; EEG records C 


where a cortical response to the photic stim- 
ulus was no longer evoked, whereas a genic- 
ulate response was still prominent. If more 
thiopental sodium was given, the evoked 
response in the lateral geniculate could be 
suppressed, whereas a response was still re- 
corded from the optic nerve. This indicated 
a selective sensitivity to anesthesia at different 
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levels of neural organization. Others (Noell 
and Chinn 1950; Sugar and Gerard 1938) 
have noted a similar selective sensitivity to 
anoxia, and we have observed similar results 
with asphyxia. 

The Effect of Pentylenetetrazole (Met- 
razol) on Latent Period. Many techniques 
for the study of responses to photic stimula- 
tion involve the use of pentylenetetrazole as 
an activating agent. Since in animals such 
studies have usually been carried out with 
the animals under barbiturate anesthesia it 
seemed pertinent to study the combined effect 
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venously, 2.4 ec. over the course of 12 min. 
Compare EEG record C with record A, the 
control record at the beginning of the exper- 
iment. Note particularly that the integrator 
rate of record C inereased to 34 per min. 
from 12 per min. at B and that 34 per min. 
was the value for the integrator rate in A, 
the control EEG record. The prominent after- 
discharges of the evoked responses in EEG 
records A and C is also worth particular men- 
tion, as is their absence in record B. 

Point C of figure 6 corresponds to EEG 
record C of figure 5. Figure 6 C shows that 
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Relation of the mean latent period of responses from the lateral geniculate 


and striate cortex to the integrator rate per minute. 
in progressive thiopental sodium anesthesia. 


Photie stimulation 
At B pentylenetetrazole was 


given, 5 mg. at 30-sec. intervals to a total of 120 mg. Thiopental sodium 


was given again after C. 


of the two agents on latent periods of re- 
sponses to photic stimulation. These two 
chemical substanees are, of course, well known 
to be somewhat antagonistic in their phys- 
lologie effects. Figures 5 and 6 represent an 
experiment demonstrating the effect of pen- 
tylenetetrazole on an animal subjected to pro- 
gressive thiopental sodium anesthesia. 

Figure 5 A and B shows the change in 
the EEG record and integrator rate with 
anesthesia. Figure 5 C is the EEG record 
after pentylenetetrazole had been given intra- 


the mean latent period of the striate re- 
sponses had been shortened to 17 msec. by 
pentylenetetrazole from its value of 24 msec. 
at B (compare with fig. 5 B). The latent 
period of the geniculate response was not 
shortened. This was not surprising, since it 
was already a fairly short value for geniculate 
responses to photic stimuli. This effect of 
pentylenetetrazole, causing a reversal of the 
EEG pattern and shortening of the latent 
period after progressive thiopental sodium 
narcosis, was demonstrated in 10 different 
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experiments. Pentylenetetrazole did not re- 
verse the EEG pattern and shorten the latent 
periods if thiopental sodium depression was 
earried beyond the point of complete suppres- 
sion of spontaneous cortical activity and 
beyond the point at which the latent period 
of the striate response had increased to 25 
msec. 

Figure 6 C to D shows the progressive 
increase of the latent periods of the evoked 


of the mean latent period of the striate and 
geniculate responses as thiopental sodium 
was given. EEG records A and B of figure 7 
and oscillograph tracings A and B represent 
the first phase of the experiment. The change 
of the mean latent period of the striate and 
geniculate responses during this phase of the 
experiment is shown graphically in figure 8 
A to B. 

Between points B and C of figures 7 and 8 
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Fig. 7 
EEG records of responses in the visual pathways during photic stimulation and progressive 
thiopental sodium anesthesia. EEG records A, B, C and D correspond to oscillograph tracings 
A, B, C and D of the same figure and to points A, B, C and D respectively of figure 8. 
Pentylenetetrazole was given between B and C as indicated in figure 8. Cat weighed 2.7 kg. 
Thiopental sodium was given, 5 mg. at 5-min. intervals after the initial anesthetization. Left 
lateral gyrus (LL), right cruciate suleus (RC), integrator (1), integrator rate (IR), lateral 


geniculate (G), light (L), optic nerve (ON). 


responses as thiopental sodium was given 
again. EEG record D of figure 5 shows the 
corresponding depression of spontaneous 
activity. 

Figures 7 and 8 illustrate another exper- 
iment in which there was a gradual decrease 
of the cortical integrator rate and increase 


frontal brain resection was done unilaterally 
and an electrode was placed directly on an 
optic nerve. A small amount of pentylenete- 
trazole (30 mg.) was given in order to coun- 
teract to some extent the depression neces- 
sarily incident to resection of a frontal lobe. 

After these procedures, the mean latent 
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period of the lateral geniculate response was 
21 msec. and the latent period of the optic- 
nerve response was 17 msec., as shown in 
figure 8 C. The integrator rate was back to 
24 per min. as a result of the pentylenete- 
trazole. The EEG record at this point is 
shown in figure 7 C. The oscillograph trac- 
ings at C of figure 7 were taken a few seconds 
later when additional thiopental sodium had 
raised the mean latent periods to 24 and 19 
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series of records. At point D of figure 8 the 
mean latent period of the lateral geniculate 
response was 30 msec. and that of the optic- 
nerve response 27 msec. The responses in the 
optic nerve were studied in only three exper- 
iments. Thiopental sodium prolonged the 
latent period of the optic-nerve response in 
each experiment. The observations in these 
experiments suggested that the effect of thio- 
pental sodium anesthesia on this part of the 


RESPONSES TO PHOTIC STIMULATION 
MEAN LATENT PERIOD- MILLISECS. 
» 
°o ~ 
see 2 
> 
g 


1 
, a ie. i Sai: a a a 


1 l 1 i 
18 16 14 l2 io 8 6 4 2 ie) 


INTEGRATOR RATE/MIN. 
Fig. 8 


Relation of the mean latent period of responses in the optic nerve, lateral 
geniculate and striate cortex to the integrator rate per minute in progressive 
thiopental sodium narcosis. Pentylenetetrazole, 30 mg., was given at the 
usual rate after exposure of the optic nerve at B. 


msec. respectively for the geniculate and 
optic-nerve responses to photic stimuli. 

The part of the graph extending from C 
to D of figure 8 is similar to those discussed 
previously and shows the gradual increase of 
the mean latent periods and decrease of the 
cortical integrator rate in progressive thio- 
pental sodium narcosis. The EEG records (C 
and D) and oscillograph tracings (C and D) 
of figure 7 correspond to the mean determina- 
tions of latent period for the geniculate and 
optic-nerve response at points C and D of 
figure 8. The interval between the geniculate 
and optic-nerve responses was essentially the 
same from the beginning to the end of the 


visual pathway was similar to that observed 
in the cortex and lateral geniculate. In two 
experiments it was demonstrated that narcosis 
could be carried to a point at which the 
geniculate response was eliminated completely 
while a response to photie stimulation persist- 
ed in the optic nerve. As mentioned pre- 
viously, a similar relationship was seen be- 
tween the geniculate and cortical responses, 
the latter being more sensitive to thiopental 
sodium than the former. In addition it is 
noteworthy that when thiopental sodium was 
given in the early stages of a given exper- 
iment, the latent period of the cortical re- 
sponse was always tke first to increase. 
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COMMENT 


These experiments indicate a progressive 
increase in latent period of the lateral gen- 
iculate and striate-area responses to photic 
stimuli with increasing depth of thiopental 
sodium anesthesia. This is in contrast to re- 
ports in the literature wherein it is stated 
that the latent period of evoked responses is 
not affected by the depth of anesthesia (Der- 
byshire et al. 1936; Forbes et al. 1949; Mar- 
shall 1938). It appears that differences in 
the technique employed in this type of exper- 
iment may account for some of the apparently 
contradictory results. Most of the previous 
studies did not utilize artificial respiration. 
Experiments carried out with the animal 
under natural ventilation necessarily span a 
more limited range of the anesthetic state. 
Administration of drugs by the intraperitoneal 
route likewise limits the range of anesthesia 
which can be studied. It was apparent to us 
early in the course of these experiments that 
the ‘‘light’’ stages of anesthesia were usually 
missed when this method was used. In addi- 
tion it is probable that there are fundamental 
differences between the visual sensory system 
and the somatic sensory system, which affect 
the latent period of evoked central responses. 
Direct stimulation of the optic or sciatie nerve 
is another variation of technique in this type 
of experiment, which, when used, alters meas- 
urements of latent periods by virtue of elimi- 
nation of the peripheral receptor. 

The range of the latent period of responses 
to retinal stimulation recorded in these exper- 
iments is greater than that reported previous- 
ly by others (Bartley and Bishop 1942; Bern- 
hard 1940; Gastaut and Hunter 1950; 
Gerard, Marshall and Saul 1936; Marshall, 
Talbot and Ades 1943; Wang 1934). The 
relationship of the latent period to the depth 
of anesthesia as reported here doubtless ex- 
plains the lack of uniformity of the measure- 
ments previously reported. The _ present 
findings are, however, in accord with the 
observations made on latencies under Pen- 
tothal anesthesia by Hunter and Ingvar 
(1955). 

While changes in retinal delay time may 
have contributed to the over-all delay times 
measured in our experiments, it seems un- 
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likely that this was a significant factor. This 
conclusion is based on the following reasons: 
(1) the latent period of the cortical response 
always changed first and often increased pro- 
gressively, while the latent period of the 
geniculate response remained the same (fig. 
6 A to B; fig. 7 A to B); (2) complete 
failure of cortical and geniculate responses 
occurred when optic nerve responses were 
still prominent, and (3) the effects of thio- 
pental sodium were strikingly similar to the 
effects of anoxia as demonstrated by Noell 
and Chinn (1950) with the retinal factor 
eliminated. 

It should be pointed out that there were 
indications in these experiments that the 
amplitude of an evoked response is not always 
directly related to the latent period. This is 
particularly important in view of the fact 
that most previous studies of evoked responses 
have been concerned with the amplitude rather 
than the latent period of the response. At 


-times thiopental sodium actually increased 


the amplitude of evoked responses, while the 
latent period remained the same or lengthened 
slightly. On other occasions it was noted that 
a reduction of the intensity of the photic 
stimulus would prolong the latent period 
without changing the amplitude. French, 
Verzeano and Magoun (1953) have also noted 
a dissociation of amplitude and latent-period 
changes in anesthesia, though their study did 
not deal primarily with these changes. 

In our experiments the geniculate-cortex 
response time interval increased as well as 
the geniculate and cortical response latent 
periods. The usual geniculate-cortex interval 
at the beginning of an experiment was about 
1 msec. (This agrees with other reports: 
Chang, 0.8 msee.; Gastaut and -Hunter, 1.0 
msec.; Bishop and O’Leary, 0.5 msec.). This 
is best shown in figure 6, as is the tendency 
for the interval to lengthen out to about 3 
msec. for the greater part of the experiment. 
The increase of the interval is roughly pro- 
portional to the increase of the latent periods, 
suggesting that conduction generally was af- 
fected. 

The failure of the cortical response while 
a response was still evoked from the lateral 
geniculate conforms with the general impres- 
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sion that the cortex is affected most severely 
by barbiturates. The gradual progression of 
the depression to the lateral geniculate and 
then to the optic nerve suggests a metabolic 
effect to which the optic nerve is most re- 
sistant. The similarity of this sequence of 
events to that seen in anoxia and asphyxia 
indicates that the metabolic effects involve 
deficient oxygen utilization primarily. 

It is apparent from our observations that 
both thiopental sodium and pentylenetetrazole 
alter the latent period of a response to a 
photic stimulus. The values for latent periods 
are considerably changed by the depth of 
anesthesia at which spontaneous activity is 
suppressed. Furthermore this effect is selee- 
tive in that it involves the cortex to a greater 
degree than other structures in the visual 
pathways. 

As an indicator of a change in the depth 
of anesthesia, the change of the latent period 
of evoked responses is more sensitive than 
visible changes in the EEG pattern, but less 
so than the integrator rate. However, meas- 
urements of the latent period can be made 
after spontaneous cortical activity has been 
suppressed and the integrator rate can no 
longer be used as a guide. 


The findings indicate that inferences con- 
cerning the routing of light impulses through 
central nervous structures based on measure- 
ments of latent period are likely to be invalid 
unless these are made simultaneously or spe- 
cial precautions are taken to control anesthesia 
level during the period of observations. 


SUMMARY 


1. The effect of thiopental sodium (Pen- 
tothal) anesthesia and _ pentylenetetrazole 
(Metrazol) in changing the latency of the 
photic response at various levels of the optic 
system (optic nerve, geniculate and striate 
cortex) has been investigated. The anesthesia 
level has been quantitated by the method of 
cortical potential integration. With deepen- 
ing thiopental anesthesia, there is progressive 
increase in latency at all three levels, with 
ereatest increase at the cortex (for example, 
from 17 msec. to 36 msec. in one experiment). 


2. Pentylenetetrazole reversed more or 
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less completely the increase in latency caused 
by thiopental sodium. 

3. The integrator rate is a more sensitive 
measure of depth of anesthesia than the cor- 
tical photic latency, but the latter can be 
used at a depth of anesthesia which invalidates 
integrator readings owing to total suppression 
of cortical activity. 
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A LONGITUDINAL STUDY OF ELECTROENCEPHALOGRAPHIC 


FREQUENCY PATTERNS IN MENTAL HOSPITAL PATIENTS 
AND NORMAL CONTROLS ! 


MARGARET A. KENNARD, M.D.? and ALEx E. SCHWARTZMAN, Ph.D.? 
Department of Neurological Research, University of British Columbia 


(Received for publication: July 27, 1956) 


In a previous paper (Kennard et al. 1955) 
it was reported that the overall EEG fre- 
quency patterns of groups of individuals 
having different personality characteristics 
showed significant differences, and that, fur- 
thermore, these EEG patterns could be cor- 
related with specific personality attributes. 
Thus, the number of individuals in penal in- 
stitutions who showed a high peak of EEG 
alpha activity was significantly high as com- 
pared to that of a normal group, and almost 
no schizophrenic patients in a mental hospital 
produced such pure alpha activity. Various 
specific attributes of frequency pattern could, 
in addition, be related to specific personality 
qualities as delineated by psychological tests 
(Kennard ef al. 1956; Rabinovitch et al. 1955). 

During these preliminary investigations, 
two other factors appeared to be significant : 
(a) many of those patients who were acutely 
and severely ill on admission seemed to have 
very severely distorted EEG frequency pat- 
terns; (b) in some instances when a second 
record was made there was a change in this 
EEG pattern during hospital stay. The pre- 
sent investigation was, therefore, devised in 
order to test these two factors by means of a 
longitudinal study. In, it 62 patients in a 
mental hospital and 25 normal controls have 
been examined repeatedly by EEG recordings 
and psychological examinations. The findings 
of the EEG study are reported here; those 
relating to the psychological data elsewhere 
(Schwartzman and Kennard 1956). 


1 Aided by a Federal Mental Health Grant and 
by the Mental Health Service, Province of British 
Columbia, Canada. 

2 Now at Mental Health Research Institute, Fort 
Steilacoom, Wash. 
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METHOD 


The methods used in the present study are 
exactly those used and described in detail in 
the previous one (Kennard et al. 1955). 
Throughout the recordings the gain of the 
EEG frequency analyzer was routinely set at 
7 and the gain for the EEG instrument at 7 
mm. for 50 microvolts. No other attempt at 
calibration was made as with the existing 
instrumentation none was possible for the 
frequency analyzer. Thus, groups of subjects, 
types of psychological examinations and of 
EEG recordings were as exactly duplicated 
as possible. Briefly, the following limits were 
set for the investigation. All subjects were 
either patients in the Crease Clinic, Essondale, 
B.C., or control ‘‘normals’’ matched for age, 
sex and, roughly, for intellectual achievement. 
All were between the ages of 13 and 30 in- 
elusive. All had I.Q.s above 80. All patients 
were first admissions to the Crease Clinic, 
which is that part of the Provincial Mental 
Hospital to which relatively lightly disturbed 
patients are received as residents for a period 
not longer than four months. About half were 
voluntary admissions. About 80 per cent were 
returned from the Clinic to their home envi- 
ronment. Half were diagnosed as_ schizo- 
phrenics, the other half being a mixed lot of 
non-psychotic patients; hysteria, neurosis or 
disorder of behavior being the most common 
diagnoses. Many of the latter group were only 
rather mildly maladjusted, and were dis- 
charged in due time, having shown some ree- 
overy as the result of their residency in the 
hospital. The schizophrenics all received in- 
sulin coma therapy between their first and 
second tests. 
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The patients were appraised psychological- 
ly, using a battery of tests also described pre- 
viously (Kennard et al. 1955; Rabinovitch et 
al. 1955). The Rorschach and Wechsler-Belle- 
vue tests were, in every instance, supplemented 
with special tests of various kinds. 

EEG recordings were made from Grass 
eight-channel machines, according to the rou- 
tine scanning which was necessary for clinical 
reasons. An Offner frequency analyser was 
used, measurements being made from bipolar 
recordings using 16 scalp areas, 8 to either 
side of the midline as shown in figures 2 and 
4, and 8, more laterally, on either side about 
the temporal regions. 
the present paper only the more medial re- 
gions are to be discussed. Since the temporal 
areas showed much wider variations, analysis 
of their inter-relationships is not yet com- 
pleted. 

An ERG frequency graph for each patient 
was then made by measurement in centimeters 
of the height of pen deviation,‘ i.e., the amount 
of energy or the voltage for each recorded fre- 
queney. These figures were then transmitted 
to two graphs, showing frequency curves, for 
each of the 16 recording areas; one graph, 
that discussed in this paper, being for the 
midline regions, frontal to occipital (fig. 2 
and 4), and the other for the lateral temporal 
areas. 

The graph averages shown in figures 5 and 
6 were made by adding the figures for each 
frequency from the records of 15 individuals 
in each group. The selection of schizophrenic 
and non-psychotie groups was made by means 
of psychological examinations. Thus, each 
patient selected for inclusion in the averages 
was chosen because both clinical diagnosis and 
psychological tests showed all the criteria 
necessary for the specific group. Similarly, 
although the 25 members of the control group 
were all selected because they were in every 
way ‘‘normal’’, this group was eventually 
refined by use of the psychological tests to the 
first 15 cases examined who showed no marked 
deviation from the normal, according to the 
history and psychological appraisal. 

Finally, the inspection method of appraisal 
of frequency graphs was used here as it had 
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been previously (Kennard et al. 1955, 1956). 
The ten criteria previously found significant 
in comparing frequency graphs were again 
utilized and, again, appear to have value (fig. 
7). Five of these criteria have to do with 
characteristic frequencies, alpha, theta, beta, 
13-15/see. and 16-18/see. The other 5 relate 
to inter-area organization of cortical poten- 
tials: ‘‘good organization’’, ‘‘poor organiza- 
tion’’, ‘‘wide spread’’ of activity about the 
alpha area, ‘‘double alpha peak’’, and ‘‘left 
right dys-synehrony’’. All these are measured 
as objectively as possible according to spe- 
cifications previously laid down (Kennard et 
al. 1955). 


EEG recordings and psychological tests 
were always made within a day or two of each 
other, and, whenever possible, on the same 
day. All first tests were made during the first 
week after admission, and many during the 
first or second day. Repeat tests were then 
made on both controls and patients at the 
end of a month, and, in the case of many 
patients, an EEG was recorded a third, fourth 
and fifth time, depending on duration of 
hospital stay. 


DATA 


Figures 1 to 3 are presented to illustrate 
the type of information which can be added 
by a frequency graph to that produced by 
the EEG alone. The two EEGs of figure 1 
have each a well-defined alpha, that of case 
C-72 being slightly more regular than that of 
case 99. There is little visible fast activity 
in either record and no true theta pattern. The 
frequency patterns (fig. 2 and 3), however, 
pick up much more marked differences. In 
figure 2 the frequency pattern of case C-72 
appears as regular, of high alpha index, and 
without any of the inter-areal dys-coordina- 
tion apparent in the frequency graph of case 
99 (fig. 3). That the type of dys-coordination 
apparent in case 99 is largely inter-areal rather 
than due to irregularities of pattern from a 
single area is demonstrated in figures 2 and 
4. Figure 2 (right) contains the very regular 
‘‘normal’’ graph of frequencies from the 
eight recording areas of case C-72, which have 
been superimposed. It can be seen that, 
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Fig. 1 


Sample EEG records from two individuals who have each relatively marked alpha pattern but 
who show different types of frequency graphs (fig. 2 and 3). 
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although height of pen deviation differs for 
different areas, peaks occur simultaneously in 
given frequencies as do valleys. In this in- 
stance, 10, 16 and 20/sec. peaks are very 
obvious. On the left of figure 2 eight succes- 
sive recordings from each of 4 scalp areas have 
been superimposed. The findings are char- 
acteristic of those in all graphs so analysed, 
namely, there is remarkably coordinate pat- 
tern from one epoch to another for a given 


cerebral inter-areal patterning with high base- 
line, wide spread areas between energies re- 
corded, and relatively little synchronous peak- 
ing of different areas at the same frequency. 
On the left, the graphs demonstrating super- 
imposition of 8 epochs from each of 4 areas 
show much less dys-coordination. 

The average frequency graphs for the 4 
groups of 15 subjects selected as described 
above (fig. 5 and 6) were then prepared. It 
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Fig. 2 
Right, the frequency graph from the record of a normal control subject (C-72) whose EEG 
pattern is shown in figure 1. Left, frequency graphs made from the record of the same 
subject, 8 successive epochs from each of 4 recording areas being superimposed. 


area; and this is always most obvious for mid- 
parietal and posterior frontal regions, whereas 
anterior frontal and occipital areas show wider 
variation. Other rather unexpected character- 
istics shown here and in many other records 
are: the emphasis of theta activity in posterior 
frontal (motor) regions, and the marked beta 
activity appearing in the occipital poles. 

All these characteristics are seen again in 
figure 4 which shows (right) a disorganized 


is recognized that this method of averaging 
is subject to criticism because of the limits of 
the frequency analyzer machine. Although 
size of pen deviation was always set at the 
same calibration for the cases used in these 
averages, there can be no exact quantitative 
data assembled which relates to size of pen 
deviation, i.e., energy level. On the other 
hand, the type of pattern produced in the 
different sub-groups is sufficiently different 
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so that it may have some significance as here 
presented. It was characteristic of the individ- 


ual frequency graphs of the normal subjects, 
as compared to those of patients, that the nor- 
mal had higher alpha peaks with sharper tips; 
that the baseline activity was lower ; that there 
was some activity in the theta band, but al- 
most none above the alpha rates; and that the 
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more theta. It is of interest, and probably a 
result of poor technique, that a certain num- 
ber of controls, during the second test, expres- 
sed impatience at the procedure and produced, 
probably in consequence, alpha-minus records 
of the unrelaxed but normal type. The effect 
on the average pattern is one of lowered alpha 
peak and slightly increased theta level. The 
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Frequency 


Fig. 3 
Right, the frequency graphs of a patient showing marked dys-coordination between areas record- 
ing. There is wide spread of energy, poor alpha patterning and much fast activity. On the 
left, 8 successive epochs are superimposed from 4 areas from the same record. Dys-coordina- 
tion among successive recordings from a single area is less marked than among the different 


areas. 


base of the alpha peak was apt to be nar- 
rower. 

These differences also appear in the graph 
averages. Thus, in figure 5, the first test of 
the 15 normal controls shows a high, narrow 
alpha peak, some theta, but little activity else- 
where. The average second test, taken one 
month later, has similar characteristics, except 
that alpha peak is lower, and there is slightly 


resulting average pattern still does not re- 
semble that of either schizophrenic or non- 
psychotic patients (fig. 6). 

Figure 5 (lower) shows the average fre- 
quency graph of the 15 patients who, because 
they were ultimately committed from the 
Crease Clinic to the Provincial Mental Hos- 
pital for long-term confinement, may be con- 
sidered as the sickest of the patients examined. 
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The interval between EEG recordings in these 
15 eases was often much longer than the one 
and two month intervals between recordings 
for the other graphs. This was due to the 
fact that many of these sickest patients had 
been sent home on parole or discharged, only 
to return after an interval to be placed in the 
more permanent hospital wards. All these pa- 
tients, however, had their first examination 
while on a first admission to the Crease Clinic, 
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areas; a wider alpha base; a higher total base 
line; and a wider spread between recording 
areas at the beta level than appear in test 
No. 1. 

Figure 6 presents the graph averages of 
the other two groups, the ‘‘no treatment”’ 
group of non-psychotics (upper) and _ the 
schizophrenics having coma insulin treatment 
(lower). Seven of the former and 9 of the 
schizophrenics remained in_ hospital long 
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Fig. 4 


Right, frequency graphs from the EEG shown in figure 1. (99). Although the record appears 
fairly stable, there is marked dys-coordination among recording areas as compared to that 
shown in figure 2 made from a similar record. Left, a second EEG from the same patient (99) 


showing little change. 


when they were considered relatively lightly 
disabled from a relatively recent illness. All 
were, later, examined after being committed 
for a longer hospital term. All but three were 
schizophrenic. In contrast to the averages of 
the controls or to those of the other patients 
(fig. 6), this second graph is less ‘‘normal’’ 
than the first, for it contains a less sharp 
alpha peak; less synchrony between recording 


enough to have a third EKG test, administered 
during the third or fourth month of hospital 
stay. The schizophrenic graphs have the rel- 
atively wide spread, broad alpha base, and 
high total baseline characteristic for individ- 
uals within the group. But there is somewhat 
‘*better’’ coordination of lines and less beta 
activity at the third test, i.e., the second and 
third tests are more nearly like that of the 
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EEG frequency graph averages made from 15 control subjects (upper) and 15 severely dis- 
turbed subjects, all committed to a chronic mental hospital. 
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normal group. The graphs of the non-psychotic 
group (upper) who had no treatment resemble 
those for the normal controls more than those 
of the schizophrenics. There is much better 
unity of lines and less beta activity among 
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organization. Many points are illustrated here 
which have been found consistent and signif- 
icant throughout the three years of our use 
of this method. Thus, theta activity has been 
consistently high among the psychotics where 
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Fig. 6 


EEG frequency graph averages from 15 patients having no specific treatment during 
hospitalization. These were relatively lightly disturbed and non-psychotic (upper) and 15 
schizophrenic patients receiving coma insulin therapy between first and second tests (lower). 
The last graph in both instances more nearly resembles the control graph than does the first. 
These changes are more marked in the non-psychotic average group and were very strikingly 


so in individual cases within that category. 


the recording areas from the third test than 
in the first. 

Appraisal of the frequency patterns of 
each of these same groups of 15 subjects, by a 
different method, is presented in figure 7. 
Here, the per cent of activity present at the 
different frequencies is related to total pattern 


13-15/see. as well as 16-20/sec. wave forms 
are also common, but ‘‘good organization’’ is 
almost absent in this group. ‘‘ Poor organiza- 
tion’’, very rare among the controls, ‘‘ wide 
spread’’ of pattern, and ‘‘left-right’’ dys- 
synchrony are also significantly more pre- 
valent among the schizophrenics. Both graphs, 
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Two figures showing the EEG frequency analysis according to criteria established from 
inspection of previous records. First test is numbered 1, and 2nd and 8rd (2 and 3) are 
at about one month intervals afterward. It will be seen that there is an increase in normal 
characteristics, particularly during the third test. 
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by the third recording; ‘‘wide spread’’, 
‘‘double alpha peak’’, and ‘‘poor organiza- 
tion’’ become far less frequent. 

Finally, figure 8 shows similar changes 
when standard deviation is calculated for the 
three groups having two recordings each. In 
our previous paper we reported that the 
standard deviation estimated for another 
group of schizophrenics was much higher than 
that of either a normal control group or that 
of the inmates of a prison farm. The standard 
deviation estimated for repeated tests in our 
present patients shows a marked and signif- 
icant drop by the time of the third test. The 
variability of pattern from patient to patient 
has thus become less, and, therefore, has ap- 
proached the greater uniformity of the con- 
trols. This change is greatest among beta 
frequencies, but the alpha is almost unaltered. 


DISCUSSION 


In this longitudinal study of EEG fre- 
quency pattern relationships we have, there- 
fore, confirmed many of the observations made 
previously on analyses of single records from 
single subjects. We have again found a high 
incidence of disorganization of cerebral cor- 
tical patterning as shown by frequency inter- 
relationships in the graphs of psychotic pa- 
tients as compared to those of normal control 
subjects of similar age and intelligence. 

We have, in the present study, obtained 
additional evidence that psychological status 
relates to frequency pattern, for repeated 
examination of these individuals has shown 
longitudinal changes in individual frequency 
patterns and their group averages which are 
coincident with their clinical and psychological 
changes (Kennard et al. 1955, 1956). Repeated 
EEGs in the psychotie group, and to a greater 
extent in the non-psychotics show, in the 
lightly disturbed patients who were released 
from hospital, a reorganization of frequency 
pattern which at second and third examina- 
tion more nearly resembles the normal pattern 
than at the first test. It is obvious from figures 
6 and 7 that this change is more marked after 
the second month in hospital than after the 
first. Unfortunately, this finding only ap- 


peared after many recordings had been made 
at the shorter interval. Also, because of the 
type patient we were examining, many were 
not available at the end of the second month. 
However, future re-examinations should be 
made at the longer interval. 

Finally, in the one group showing clinical 
increase in severity of symptoms, those com- 
mitted for long term custodial care, there was 
an increase in distortion of frequency pattern 
away from that of the normal. As will be re- 
ported in detail elsewhere, correlation of psy- 
chological criteria and EEG patterning show- 
ed two factors which are those most strongly 
correlated with distorted frequency pattern 
(Schwartzman and Kennard 1956). These are 
the acuteness of the psychological disturbance 
and the degree of psychological dissociation 
with immediate environment. 


SUMMARY 


1. A longitudinal study of EEG frequency 
patterns of mental hospital patients as com- 
pared to those of a matched control group 
has shown that there are changes in fre- 
queney pattern with clinical recovery such 
that a later EEG frequency graph more 
nearly resembles the normal than does the 
first recording. 

2. Subjects who became clinically more 
disturbed and who, therefore, had longer 
hospital terms showed no such ‘‘improve- 
ment’’ in frequency graph which, in contrast, 
often became less well organized. 

3. An abnormal, poorly organized fre- 
queney graph was associated, in this series, 
with two clinical findings; (a) acute and 
severe onset of disturbance; (b) degree of 
dissociation with immediate environment. 

4. Examination of these differences in fre- 
queney pattern which appear during clinic 
changes suggest that the disorganization as- 
sociated with the more severely and acutely 
disturbed is related to organization among 
various cortical areas rather than to varia- 
bility of pattern as recorded successively from 
a single area. 
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INTRODUCTION 


It would be generally agreed that tumours 
lying in and around the third ventricle give 
rise to a theta rhythm which is usually well 
defined and bilateral (e.g. Cobb 1950). How- 
ever, there is a surprising absence of publi- 
cations devoted to the description of the elec- 
troencephalogram (EEG) in an important 
group of lesions which affect this region — 
namely many of the pituitary adenomata and 
Rathké pouch cysts. In 1946 Lennox and 
Brody described the findings in a very small 
group of ‘‘pituitary tumours’’ and, using the 
evidence of these cases in combination with 
other experience, concluded that 4-6 ¢/sec. 
waves were associated with lesions of the 
hypothalamus. A description of the findings 
in 6 further cases of pituitary disease is to be 
found among the 90 patients with lesions of 
the base of the brain described by Fauré, 
Jasper and Henderson (1948). Thus, when 
Tonnis, Steinmann and Krenkel (1953) re- 
cently published an article on the EEG in 44 
eases of parasellar and intrasellar lesions they 
were describing experience derived for the 
first time from a fairly large group of such 
patients. They suggested that metabolic fac- 
tors, rather than pressure by tumour upon 
the hypothalamus, were responsible for the 
appearance of theta rhythm in the records of 
these patients. This statement was in direct 
contrast to the earlier view of Baudouin, 
Puech, Fischgold and _ Lerique-Koechlin 
(1946) who had only observed disorders of 
the EEG when a pituitary tumour lay above 
the diaphragma sellae and therefore might 
impinge upon the floor of the third ventricle. 

The present paper is concerned with the 
electroencephalographie findings in 59 pa- 
tients with a pituitary chromophobe adenoma 


and in 17 patients with a Rathké pouch cyst. 
In many cases serial records have been ob- 
tained, and the influence upon the EEG of 
metabolic disorders secondary to the pituitary 
disease has been studied. 


MATERIAL 


A total of 102 records from 59 patients 
with a chromophobe pituitary adenoma and 
32 records from 17 patients with a Rathké 
pouch cyst have been reviewed. No patients 
below the age of 18 years were included in 
the survey and the ages ranged from 18 years 
to 71 years (average 42 years). There were 
44 males and 32 females in this series. 

The following table shows the time at 
which the records were obtained in relation 
to the course of the patient’s disease (table I). 


TABLE I 
Pituitary Rathké 
Chromophobe Pouch 
Adenoma Cyst 
Total No. of patients .... .. .. 59 17 
Number with records obtained 
before the first operation a 15 
Number with records obtained 
before an operation for recur- 
| ae 1 
Number with pre- and _ post- 
operative records ............ 17 8 
Number with post-operative rec- 
re A wo ee ee. 2 
Number with first record ob- 
tained after radiation treat- 
ESE Ie Cen oe eee 0 
Number of surgically unverified 
I sc ic ass ek wee a sk ws 2 
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Of the patients with a pituitary chromo- 
phobe adenoma 4 had papilloedema and 2 
others, although not showing papilloedema, 
had evidence of raised intracranial pressure 
at operation. 

METHOD 


For one record dating from 1942 a cathode 
ray oscillograph was used; records from 1942- 
1949 were taken with a 3 channel Grass ink- 
writing electroencephalograph and thereafter 
with a 6 channel Ediswan instrument. Re- 
cording was bipolar throughout. 


Description of the record with pituitary 
chromophobe adenoma 

The most distinctive feature in the bulk 
of the records was a clear theta rhythm 
(4-7 ¢/sec.) ; in 16 this was a 6 e/seec. rhythm 
of small amount and it was confined to the 
anterior temporal and to the frontal areas. 
Often this rhythm was only seen in the trans- 
verse leads after overbreathing. In 22 records 
a well-defined theta rhythm was _ present, 
usually predominating in the anterior leads 
and of greater amplitude than the occipital 
alpha rhythm. Many of this group also had 
random slower waves, sharp elements and 
pronounced fast activity. In 36 a bilateral 
5-7 e/see. rhythm was the main component 
of the record. It was almost continuous, of 
fair regularity and of greatest amplitude and 
slowest frequency over the anterior part of 
the head. This rhythm was usually poorly 
affected by sensory stimuli. Most of this 
group also had slower waves and over half 
had fast activity. There were 10 normal or 
border-line normal records. Nine records were 
of generally low voltage, often with pro- 
nounced fast activity. In addition to these, 6 
records did not fit into any of the above men- 
tioned categories, but in each instance there 
was evidence of raised intracranial pressure. 
One of these patients had a large lateral ex- 
tension of his pituitary adenoma and the 
clinical, angiographic and electrical signs of 
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this case were all those of a temporal lobe 
tumour. Finally, there were 3 records in 
which generalized delta waves predominated ; 
one of the patients was in coma, and the oc- 
currence of the delta waves in the other 2 
patients will be discussed below (see fig. 2). 

In the group of 36 patients where the 
theta rhythm formed the main component the 
average duration of visual symptoms was 95 
years. If earlier related symptoms, some of 
them metabolic (e.g. infrequent shaving in the 
male, amenorrhoea in the female), are taken 
into account, the average duration of the ill- 
ness was 16 years. For all the lesser affected 
gcroups the average duration of visual symp- 
toms was between 1144-314 years and the 
estimated maximum duration of the disease 
was only 9 years. 

Slight asymmetries of amplitude and 
amount of theta rhythm were common, but 
asymmetries of frequency only occurred 
in 15 patients. In 2 the theta activity was 
unilateral, in 12 it was slower on one side than 
on the other, and in one the asymmetry was 
eonfined to the alpha rhythm. Among the 
patients with definite asymmetry of electrical 
activity the more abnormal side corresponded 
on 9 oceasions to the side on which the tumour 
had compressed the visual pathways more 
severely ; in 3 patients the reverse occurred. 
In 2 other patients the asymmetry of the 
theta and alpha rhythms was associated with 
a delta wave focus, and in both of these there 
was proof of an extensive extrasellar exten- 
sion of the tumour in the affected hemisphere. 
One patient with a huge suprasellar exten- 
sion producing hydrocephalus had bifrontal 
rhythmie delta waves. 

The effect of overbreathing was examined 
on 63 occasions; gross instability of the record 
induced by overbreathing was only seen when 
the record was initially severely abnormal. 
However, a severely abnormal resting record 
showed either no change or only a mild change 
on 8 occasions. 


Fig. 1 


Above. Base of brain to show indentation caused by pressure of suprasellar tumour. 


shows tumour viewed from above. 
Record almost within normal limits; the only 


Inset 


doubtful features of the record as a whole 


were the presence of low voltage irregular fast activity and of minimal theta waves. 


Deflection for 50 yvV. is of 4 mm. in figure 1 and 9 and of 7 mm. in all others. 
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In table II differing grades of electrical 
abnormality are tabulated against estimates 
of tumour size and degree of endocrine de- 
ficiency. If attention be confined to the 
‘‘more severely abnormal’’ records it can be 
seen that these were distributed almost 
equally between ‘‘small’’, ‘‘medium’’ and 
‘‘large’’ tumours, but were unequally distri- 
buted between the grades of endocrine abnor- 
mality; the vast majority of ‘‘more severely 


TABLE II 


THE CORRELATION BETWEEN EEG, 
TUMOUR SIZE AND ENDOCRINE 


ABNORMALITY 
Degree of 
EEG Tumour endocrine 
size disturbance 
2 wag 2 
= E . @ 9 2 &§& x 
ee a oe ee 
e.-2 218-2 2 
Normal, borderline 1 
and mildly 
abnormal 13 6 2 10 8 2 1 
Moderately 
abnormal 6 4 3 7 3 3 0 
More severely 
abnormal & § 7 1 1 8 7 


These figures are derived only from those cases 
in which the size of the lesion was verified surgically 
or radiologically shortly after the record was obtained. 


be 


abnormal records’’ occurred in patients with 
‘‘moderate’’ or ‘‘severe’’ endocrine disorders. 
One patient classified as having a severe en- 
docrine deficiency had a low voltage record, 
but the remaining 7 patients with severe en- 
docrine deficiency had either a theta-domi- 
nant or a delta-dominant record. In contrast 
to this, 5 patients with large tumours had 
records which ranged between normal to 
moderately disturbed. Indeed, one man of 52 
who had only a mild degree of endocrine 
failure had a large tumour which was found 
after death to be indenting the base of his 
brain (fig. 1); but the record was almost 
within normal limits. 

The findings set out in table II confirm 
the view that in patients with a pituitary 
chromophobe adenoma the possible effects of 
metabolic changes upon the electrical activity 


of the brain have had insufficient attention 
paid to them. The following case of a pitui- 
tary chromophobe adenoma with no signi- 
ficant suprasellar extension illustrates the 
profound effects which metabolic abnormal- 
ities may produce. 

Case 1. Male, aged 63 (R.I. 179989/55) was ad- 
mitted to the Radcliffe Infirmary on 23.9.55. He 
was confused, demented and disorientated and had 
reached this state in the course of an illness, the acute 
phase of which had begun 5 weeks earlier. Although 
his fundi appeared slightly pale, there was no field 
defect to confrontation and later, when he became co- 
operative, it was shown that there was a partial 
hemianopia, demonstrable only with small objects, in 
one eye alone. On 1.10.55 a lumbar air encephalogram 
was performed, and this showed no sign of supra- 
sellar extension of the tumour. On 29.9.55, at a time 
when he was totally confused, the EEG (fig. 2a) 
showed generalized delta waves. Because this patient 
had clinical features (and also an abnormal water 
metabolism) suggestive of anterior pituitary hypo- 
function, treatment with cortisone, 25 mg. t.d.s., was 
begun on 27.9.55; to this were added a small dose of 
thyroid extract and some methyl testosterone. The 
next record was obtained on 5.10.55, at which time 
the patient was considerably improved. The EEG 
now (fig. 2b) showed a great decrease in the numbers 
and amplitude of the delta waves. The record was 
still uninfluenced by engaging him in conversation, 
but there was a slight reaction to eye-opening. Five 
days later, on 10.10.55, a slow alpha rhythm had be- 
gun to emerge (fig. 2c). His clinical state continued 
to improve so that by 12.10.55, when he commenced 
a course of radiation treatment directed to his pi- 
tuitary tumour, he ended a period of amnesia which 
dated from 21.8.55. By 9.11.55. he was able to 
walk round the ward with assistance and he was 
alert and orientated, although his mentality was still 
not quite normal. An EEG obtained two days later 
(fig. 2d) showed a well-defined alpha rhythm which 
was now faster (8-9 c/sec.) and there was no appre- 
ciable theta rhythm. 

This patient’s electroencephalographie ab- 
normalities receded from the moment of the 
commencement of hormone replacement thera- 
py. Of the hormones prescribed it is likely 
that cortisone was the relevant agent, for a 
somewhat comparable improvement in the 
EEG was recently observed in a patient with 
pure adrenal cortical failure. This patient 
was admitted to the Radcliffe Infirmary, 
under the care of Dr. A. M. Cooke, and we 
are indebted to him for permission to de- 
seribe the clinical details. 
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Case 2. Male, aged 32 (R.I. 198915/54) had de- 
veloped neurological symptoms and signs and subse- 
quently went into an adrenal ‘‘crisis’’ and appeared 
moribund with profound circulatory failure and stu- 
por. Immediate and vigorous treatment with cortisone 
and related agents was successful, and the clinical 
response was dramatic. On 28.5.55, 24 hours from the 
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generalized delta waves were not correlated with 
the patient’s level of consciousness, as, in contrast 
to case 1, he was not drowsy nor did he appear con- 
fused. By 31.5.55, when the patient was feeling 
mentally and physically almost normal, the slow waves 
in the EEG had very nearly disappeared (fig. 3b). 
On 14.6.55, at which time the patient’s personality 
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Case 1. Serial EEG. 


’ 


A. Obtained on 29.9.55. Note generalized delta waves of greatest amplitude frontally. These 
were usually bilaterally synchronous and occurred on a background of irregular low voltage 
fast activity and 4-7 c/sec. waves. The record was unaltered whether the patient held his 
eyes open or closed. Overbreathing could not be attempted. 


Saw 


5.10.55. After 9 days of hormonal treatment. The record shows considerable improvement. 
10.10.55. There is a slow alpha rhythm (7-8 ¢/sec.). (This responded well to eye-opening.) 
11.11.55. Note well-defined alpha rhythm at 8-9 ¢c/sec., no appreciable theta rhythm and 


fast activity in the fronto-parietal areas. Overbreathing caused little change. Record was 
within normal limits for the age of the patient (63 years). 


beginning of the treatment, the first EEG was ob- 
tained. The patient was co-operative; he would 


answer rationally, but he was a little apathetic. 
This record (fig. 3a) was in general similar to that 
of figure 2a except for the absence of any fast 
activity. In this case there can be no doubt that the 


and mentality had been regarded as normal for 
some 12 days, the EEG still showed slight abnormal- 
ities (fig. 3c). There was still some diffuse theta 
activity but the alpha rhythm had now returned at 
a rate of 8 ¢/sec. 

Case 3. Female, aged 62 (R.I. 24666/44) was ad- 
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mitted to the Radcliffe Infirmary on 20.3.56 under 
the care of Dr. P. C. Mallam, to whom we are grate- 
ful for permission to record the following clinical 
details. The significant item in the past history 
of this patient was that 36 years earlier, at the age 
of 26, she had suffered post-partum haemorrhage asso- 
ciated with a retained placenta. From that time on 
her periods ceased and she developed pallor. She had 
suffered recurrent attacks of meningism and from 
gastrointestinal upsets and had been in hospital on 
three previous occasions on account of them. At the 
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time of the most recent admission she was stuporose 
and restless, with cachexia and extreme pallor of the 
skin but not of the mucous membranes. The axillary 
hair was very sparse and the pubic hair was absent. 
Apart from the stupor and the neck stiffness there 
were no abnormal neurological signs. Her blood 
pressure was 120/80. X-rays of her skull showed that 
the pituitary fossa was entirely normal and _ later, 
when she was fully co-operative, it was established 
that her visual fields and acuities were also normal. 
At the time of her admission a diagnosis of Sheehan’s 
Syndrome was made and, after appropriate investiga- 
tion, treatment with cortisone (50 g. b.d.) was begun 
and, on the same day, the first EEG was obtained. At 
this time, although drowsy, the patient was easily 
roused and co-operative. The record was dominated 
by a 5 ¢/see. theta rhythm. Subsequently with con- 
tinued treatment there was pronounced clinical im- 
provement so that by 29.4.56 she was fully alert and 
on 10.5.56 the EEG had improved considerably (fig. 
4b). The initial record of this patient was almost in- 
distinguishable from many of the theta-dominant 
records among patients with pituitary chromophobe 
adenoma and visual involvement (cf. fig. 5a and 8b). 


The following cases illustrate the electrical 
changes which occurred in the patients with 
pituitary chromophobe adenomata and which 
may well have been of metabolie origin. 

Case 4. Male, aged 52 (R.I. 207012/55) who had 
received radiation treatment for a pituitary chromo- 
phobe adenoma 15 years earlier presented with gross 
clinical signs of ‘‘hypopituitarism’’. Five days be- 
fore admission he had been in coma, from which he 
had made a spontaneous recovery. This episode had 
been precipitated by an attack of acute otitis media, 
and the clinical features suggested that the coma had 
resulted from infection occurring in the presence of 
adrenal cortical hypofunction. At the time of the 
first record, 20.4.55, this patient was drowsy, rather 


Fig. 3 
Case 2. Serial EEG’s. 
A. 28.5.55. After only 24 hours’ treatment with 
cortisone. Note generalized delta waves; in the 


main bilaterally synchronous. Little or no response 
to eye-opening. Overbreathing not attempted. 


B. 31.5.55. Slow waves now nearly absent in the 
resting record, though returning on overbreathing. 
A few 4 ¢/see. waves had appeared and faster 
activity mainly at 14 ¢/see. was pronounced in 
the fronto-parietal areas. No appreciable alpha 
rhythm. 

C. 14.6.55. Diffuse theta activity still present, but 
alpha rhythm now returned at 8 ¢/sec. and showed 
a normal response to eye-opening. There was no 
longer any trace of 14 ¢/sec. activity. No response 
to overbreathing. 
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querulous and not very co-operative. The feature of 
the record (fig. 5a) was a bilateral moderately high 
voltage 5 ce/sec. rhythm. There was good evidence of 
adrenal cortical hypofunction from the Thorn test 
and also from the water loading test (Oleesky and 
Stanbury 1951) carried out without and with pre- 
ceding cortisone (respectively 8 per cent and 180 per 
cent of the ‘‘water load’’ excreted). His 17-ketos- 
teroid excretion was 0.2 mg. in 24 hours. His basal 
metabolic rate (B.M.R.) was —39 per cent. On 
1.5.55. he started treatment with cortisone, 12.5 
mg/b.d., and two days later thyroid, 1% g. daily, 
was added to the regime. On 5.5.55 the record 
(fig. 5b) revealed that the theta waves were reduced 
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Fig. 4 
Case 3. Serial EEG’s. 


A. 24.3.56. Generalized 5 c¢/sec. theta activity of 
moderately high amplitude. There are many 2 
per sec. delta waves. Activity is not inhibited by 
eye-opening though slightly reduced when patient 
was talking (last second of tracing). 


B. 10.5.56. After 7 weeks’ treatment with cortisone. 


Basic rhythm is 1 ¢/sec. faster and nearer normal 
in distribution. Delta waves were infrequent and 
barely increased by over-breathing. Note response 
to eye-opening. 
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Case 4. Serial EEG’s. 


A. 


C, 


20.4.55. Bilateral high voltage 5 ¢/sec. rhythm 
present in all areas, but of greatest amplitude 
anteriorly. Relative absence of fast activity. Ar- 
row shows effect of attention. 


. 5.5.55. After 4 days’ hormonal treatment; theta 


waves reduced in amplitude and increased in rate 
to 6 ¢/see. Effect of eye-opening more pronounced. 


22.6.55. Theta rhythm further reduced; dominant 
frequency 8 ¢/sec. Occasional 7 ¢/sec. runs still 
seen in the fronto-temporal area. 

Reaction to eye-opening almost normal. 
Overbreathing produced little effect but this was 
poorly performed on each ocerasion. 
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Fig. 6 

Case 5. Serial EEG’s. 

A. 24.1.55. Before treatment. 4-5 ¢c/sec. waves in bursts, and delta waves. Fast activity 
was present in the fronto-parietal areas; note 14 ¢c/sec. spindle in channel 4 although the 
patient was awake. The response to eye-opening was fairly well preserved. Overbreathing, 
even though poorly performed, produced generalized high voltage slow waves after only 
40 see. 

B. 29.1.55. After 3 days’ hormonal treatment. Number and amplitude of delta waves is 
reduced; theta wave frequency increased to 5-6 ¢/sec. Fast activity was less evident. The 
record was less sensitive to overbreathing. 


11.2.55. 10 days post-operative. Hormone treatment continued. Further slight improvement. 
D. 27.7.55. 8 ¢/sec. alpha rhythm now present. There were still some 4 ¢c/sec. groups in the 


occipital areas and some runs of 7 ¢/sec. waves anteriorly. Throughout these records sharp 
elements were noticeable. 


E. 26.10.55. Alpha rhythm more stable. 4 ¢/see. activity further reduced. Overbreathing 
induced focal right frontal sharp waves. 
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in amplitude and had increased in rate to 6 ¢/sec. 
On 22.6.55. the patient had a greatly improved sense 
of well-being and was mentally and physically brisker. 
On repeating his EEG (fig. 5c) the theta rhythm was 
further reduced and the dominant frequency was 
now at 8 c/sec. 


On other occasion it has been possible to 
obtain serial electroencephalographiec records 
which have demonstrated the combined effects 
of hormonal treatment and of operation. 
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Case 5. Male, aged 32 (R.I. 201495/55) who had 
suffered from a transient visual disturbance 9 years 
earlier. Ten months before admission he again 
began to have visual symptoms and the presence of 
a chromophobe pituitary adenoma was recognized by 
the characters of the field defect combined with a en- 
larged pituitary fossa. He received radiation treat- 
ment directed to the pituitary tumour, but one month 
before admission his vision again became blurred and 
in addition he appeared profoundly ‘‘hypopituitary’’. 
He was extremely pale and lethargic, preferring to 
spend the day resting in bed with his eyes shut. His 
blood pressure was only 96/60 mm. Hg. and his 
‘‘water-loading’’ test without and with cortisone 
showed changes typical of suprarenal insufficiency 
(respectively 8 per cent and 80 per cent of the ‘‘ water 
load’’ excreted). The 17-ketosteroid excretion in 24 
hours was 1.2 mg., and his B.M.R. was — 33 per cent. 
The first record was obtained on 24.1.55 (fig. 6a), 
and it consisted of bursts of 4-5 c/sec. waves and 
of delta waves. On 26.1.55 he commenced cortisone, 
12.5 mg. b.d., thyroid g. 1 daily, and methyl testos- 
terone sublingually, 25 mg. b.d. The next record was 
made 3 days later and it showed reduced delta ac- 
tivity and increased rate of the theta waves. Accom- 
panying the hormone replacement therapy he rapidly 
became less apathetic, a pink coloration began to 
return to his skin and after 5 days of treatment his 
blood pressure had risen to 110/70 mm.Hg. By 1.2.55. 
it was considered safe to operate, and by means of 
a right subfrontal approach a fairly large cystic 
pituitary chromophobe adenoma was_ encountered. 
Eighteen ml. of fluid were withdrawn and an intra- 
capsular removal of the tumour was performed. The 
pressure on the optic nerves was relieved. The next 
record was taken 10 days after his operation (fig. 6c) 
and although there was further reduction in the 
fast activity (which may have been an early post- 
operative effect) there was overall no_ essential 
change. Five months later (fig. 6d) an 8 ¢/see. 


Fig. 7 
Case 6. Serial EEG’s. 


A. 14.1.53. Before all treatment. Basic rhythm at 
6-7 ¢/see. with some 4 ¢/sec. bursts. Low voltage 
delta waves were present; maximal in the temporal 
areas. Overbreathing caused further slowing of 
the record. Radiation treatment (4,000 r.) given 
during February, 1953. 


B. 18.6.53. Patient clinically worse. Ample bilaterally 
synchronous delta waves predominate. There is 
lower voltage 6 ¢/sec. activity. No change on eye- 
opening or closure. 

Overbreathing impossible. 
Exploratory operation performed without removal 
of tumour 22.6.53. 


C. 9.11.55. After hormonal treatment for over 2 years. 
Main frequency was 6-8 ¢/see 
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alpha rhythm had appeared. At the end of 10 months 
the record was still further improved (fig. 6e). 


It is known that operation on, or radiation 
treatment of, a pituitary chromophobe ade- 
noma may accentuate features of hypopi- 
tuitarism by the removal or destruction of 
functioning remnants of the normal gland. 
[t has been possible to find examples in which 
there were good clinical grounds for believing 
that treatment further decreased the function 
of the anterior pituitary tissue and that this 
decreased function was responsible for a de- 
terioration in the EKG. 

Case 6. A female aged 49 (R.I. 147353/51) who 
had suffered from a 12-month period of bursting 
headaches at the age of 42, and whose menopause 
had occurred at the age of 47, had been aware for 
7 months of steadily progressive visual failure. At 
the time of her first admission she was found to be 
somewhat hypertensive (blood pressure 180/95 mm. 
of mercury) and other features of her cardiovascular 
system made it likely that she would prove a poor 
operative risk. Accordingly operation was withheld 
and, during February of 1953, a dose‘of 4,000r was 
given to the region of the tumour. An EEG obtained 
before radiation treatment (fig. 7a) showed a basie 
rhythm at 6-7 ¢/sec. The patient returned home after 
the radiation treatment was completed, but her pro- 
gress was not satisfactory and coincident with fur- 
ther visual deterioration there was a considerable in- 
crease in apathy, sensitivity to cold and the develop- 
ment of skin pallor. By the time of readmission she 
had become drowsy and disorientated and an EEG 
obtained on 18.6.53 (fig. 7b) was dominated by 
ample bilaterally synchronous delta waves in all 
areas. At an operation, 22.6.53, an extensive chromo- 
phobe pituitary adenoma was found, but, in view of 
the size of the tumour and the patient’s general con- 
dition no surgical manoeuvre other than verification 
of the nature of the lesion was attempted. It was de- 
cided post-operatively to treat this patient with cor- 
tisone, 124% mg. daily, thyroid, gr. 1 daily, and 
methyl testosterone 10 mg/day. On this regime her 
mental state and her sense of well-being improved 
dramatically, and although her vision remained poor, 
she was able to increase her physical activity and to 
run her household with some assistance. <A _ third 
record was obtained on 12.5.54 and showed a sur- 
prising contrast, for without any surgical removal of 
tumour tissue the tracing had improved considerably. 
(However, it must be remembered that radiation treat- 
ment may produce late effects and the possibility 
cannot be excluded that some reduction in the size 
of the tumour occurred between the dates of the 
second and of the subsequent records.) The delta 
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Case 7. Serial EEG’s. To illustrate tumour recur- 
rence in a patient with preceding operative and 
radiation treatment (see text). 

A. 31.12.53. The occipital alpha rhythm responded 
to eye-opening. Note clear 6-7 ¢/sec. rhythm pre- 
dominant anteriorly; this was increased in amount 
and amplitude by overbreathing. 

Hormonal treatment started 7.1.54. 

B. 20.7.55. Theta rhythm slower (4-5 ¢/see.) and of 
higher amplitude, increased by _ overbreathing. 
There was still a trace of alpha rhythm which re- 
sponded to eye-opening. 

Further operation, July 1955. Further radiotherapy 
August 1955. 
C, 23.11.55. Theta rhythm lessened. 
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waves had virtually disappeared and were now only 
present at low voltage, and the main rhythm was once 
more in the theta range. With the passage of time 
there was definite further clinical improvement, and 
by 9.11.55 (which was well over two years after the 
beginning of the hormonal treatment and was 
32 months after the completion of the radiotherapy) 
the record showed a faster main frequency of about 
6-8 c/see. (fig. 7¢). The record was more stable on 
overbreathing than at her first attendance and, taken 
as a whole, was now the most ‘‘normal’’ of any so 
far obtained from this patient. This favourable se- 
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tion his right optic nerve was divided and subse- 
quently he had radiation treatment (tumour dose of 
5,000 r.). At the time of his first operation the 
endocrine abnormalities were relatively slight, but by 
December 1953, when the vision in his left eye was 
virtually stationary, he showed considerable features 
of ‘‘hypopituitarism’’ with pallor and lack of 
energy. His EEG (fig. 8a) showed a scanty occipital 
8 c/sec. alpha rhythm, whilst a clear 6-7 ¢/sec. rhythm 
predominated anteriorly. On 7.1.54 he started on a 
regime of cortisone, 12% mg. b.d., thyroid gr. 1 
daily, and methyl testosterone, 25 mg. b.d., and 
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Fig. 9 
See text. Patient with Rathké pouch cyst. 


A. Drowsy, lying with eyes closed. Could be roused to open his eyes by 
shouting. Note long run of rhythmic delta waves; in transverse lead 
recordings these were bilaterally synchronous. 


B. Still confused, but now more alert. 


Note great reduction in rhythmic 


delta and increase in rate of basie rhythm. 


C. Orientated and alert. Rhythmic delta has almost disappeared. 


quence of clinical and electroencephalographie events 
took place in the presence of a fairly large tumour 
and under the influence of hormonal agents. These 
events make an interesting contrast with the next 
patient where severe endocrine deficiencies and a large 
tumour co-existed. However, here further growth of 
the tumour occurred whilst the patient was under 
observation. 

Case 7. Male, aged 40 (R.I. 104648/49) who be- 
tween May and September of 1949 had had 3 opera- 
tions for persistent recurrence of symptoms due to 
a pituitary chromophobe adenoma. At the last opera- 


clinically he improved considerably. The next record 
was obtained 18 months later at a time when the 
symptoms of a recurrence of his tumour, which had 
been indefinite for about 4 months, had become 
unequivocal. It showed a more persistent and slower 
theta rhythm (6 ¢/see.). By the time a subsequent 
record was obtained on 20.7.55 he was somewhat con- 
fused and was very apathetic, and it later transpired 
that he had had amnesia for many of the events of 
this period. This EEG (fig. 8b) showed pronounced 
further slowing (4-5 ¢/see.) of the theta rhythm and 
increased amplitude. Following an operation in July 
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1955, at which time a portion of the tumour sufficient 
to relieve the pressure on the left optic nerve was 
removed, he had further radiotherapy, and he made 
a definite if limited clinical improvement. He be- 
came orientated and interested in his surroundings 
and by November 1955, was able to walk 2-3 miles. 
A record obtained at this stage revealed some lessen- 
ing of the theta rhythm and slight return of the 
faster activity (fig. 8c), but considering the clinical 
improvement, the record was surprisingly little 
changed. 


In ease 5 above the development of frontal 
focal sharp waves on the side of the operation 
was mentioned. This also occurred in case 6, 
and indeed was observed at intervals ranging 
from 9 months to 16 years in 7 out of 18 
patients in whom such records were available. 
Probably such sharp waves were the con- 
sequence of the mild subfrontal bruising which 
almost inevitably accompanies the exposure 
of these tumours. Although focal sharp waves 
presumably indicate an irritable area of 
cerebral cortex, no clinical manifestations of 
even minor epilepsy have been observed in 
these particular patients. In patients in whom 
serial EEG have been obtained, the observed 
interval of time between the operation and 
the first recorded sharp wave has varied be- 
tween 9 months and 17 months. In 12 out_of 
18 patients fast activity was also observed 
post-operatively in the hemisphere which had 
been exposed; or, if it appeared bilaterally, 
was of higher amplitude and persistence on 
the previously exposed side. Another occa- 
sional feature of the late post-operative EEG 
has been the low amplitude of the records but 
we are uncertain of the significance of this 
finding. 


Rathké pouch cysts 


The records of 7 patients over the age of 
18 with a Rathké pouch cyst were comparable 
to those seen among the patients with a pitui- 
tary adenoma. That is to say that features 
ranging from low amplitude to theta dom- 
inance were encountered; and from the record 
alone these 7 patients could not be separated 
from those with a pituitary adenoma. Of these 
patients 4 had lesions that mainly or exclu- 
sively involved the optic pathways, and there 
was no significant extension into the third 
ventricle. In a fifth patient there was some 


involvement of the third ventricle, and in the 
remaining cases, although no evidence of 
raised intracranial pressure was encountered, 
there was hydrocephalus, and they had the 
main body of their tumours lying in the third 
ventricle; in spite of this the records in these 
2 patients were not definitely dissimilar from 
those of patients with a chromophobe pitui- 
tary adenoma with little or no compression 
of this part of the brain. 

Among ten other patients with Rathké 
pouch cysts (of whom 4 had definitely raised 
intracranial pressure) 2 showed irregular 
generalized theta activity and ‘‘spiky’’ bursts, 
and 8, unlike the pituitary adenomata exam- 
ined (excepting one with hydrocephalus) had 
rhythmic high voltage delta bursts (1.5- 
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Fig. 10 


Above. EEG to show bilaterally synchronous delta 
bursts predominating on the left. 

Below. Pneumoencephalogram. Brow-up antero-poste- 
rior projection. Note crescentic deformity of third 
ventricle produced by left sided basal tumour (Rathké 
pouch cyst). 
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2.5 e/sec.). These were usually bilateral, 
though often with unilateral preponderance 
and even phase reversal. They were com- 
monly, though not always, inhibited by eye- 
opening and increased by overbreathing. One 
such example is shown in figure 9a. Half an 
hour after this record was obtained the brain 
was explored through a left frontal burr hole. 
The frontal horn was tapped and the cer- 
ebrospinal fluid was under a pressure of 
120 mm. H,O. The cannula was then ad- 
vanced into the cyst within the third ventricle 
and 15 ml. of fluid was withdrawn from it. 
The record shown in figure 9b was taken 45 
min. after this aspiration. In comparison 
with figure 9a the rhythmic slow wave ac- 
tivity was greatly reduced. Records taken 3 
hours later showed further reduction and the 
following morning (fig. 9c) almost com- 
plete disappearance of rhythmic slow waves. 
Another example is shown in figure 10a. In 
this patient the delta activity is of much 
greater amplitude on the left side, and it 
may be seen that in other respects the re- 
cording obtained from the left hemisphere 
is more disturbed. Figure 10b shows the 
antero-posterior projection of the air enceph- 
alogram of this patient and the displacement 
of the third ventricle to the right by the left 
sided tumour can be seen. 


DISCUSSION 


Among the patients with a Rathké pouch 
eyst we have endeavoured to make the ma- 
terial most nearly comparable to the group 
with a pituitary chromophobe adenoma by 
the exclusion of all cases below the age of 
18 years. The assessment of the records of 
some of these patients was complicated by the 
occurrence of raised intracranial pressure. 
However, where the lesion did not compress 
the third ventricle and was anatomically 
similar to many of the chromophobe adeno- 
mata, it seems likely that metabolic changes 
were mainly responsible for the abnormalities 
of the EEG. 

It will be recalled that figure 10 illustrated 
an example of a left-sided tumour which was 
associated with left-sided predominance of 
delta bursts; and, in another patient (fig. 9) 
the cessation of high voltage delta activity 
followed aspiration of an intraventricular 
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cyst. Although some patients with a large 
Rathké pouch cyst within the third ventricle 
did not exhibit rhythmic delta, such activity, 
when present, is probably associated with 
direct pressure upon structures in the region 
of the third ventricle. However, we are aware 
that such activity may result from hydro- 
cephalus alone, when perhaps dysfunction of 
the peri-ventricular structures results from 
distortion of the ventricle with e.s.f.; this 
subject has been discussed in considerable de- 
tail by Daly, Whelan, Bickford and McCarty 
(1953). For this reason we would disagree 
with Toénnis, Steinmann and Krenkel (1953) 
when they state that it is likely that the 
erosser abnormalities of the EEG’s among 
the Rathké pouch cysts are due to the fact 
that the lesion has been present from child- 
hood. 

Abnormalities of the EEG resulting from 
adrenal cortical hypofunction are known to 
disappear after treatment with cortisone. The 
changes seen include a gradual reduction of 
the slow wave component and a return to the 
normal frequency range of the resting record, 
with an increased stability of the record to 
overbreathing. The first clear statement to 
this effect was made by Thorn (1949). Sub- 
sequently it was demonstrated that electrical 
improvement was dependent specifically upon 
cortisone and although deoxycorticosterone 
acetate (D.O.C.A.) might produce clinical and 
biochemical improvement it did not signifi- 
eantly affect the EEG (Cloche, Azerad and 
Stuhl 1952). In our experience the improve- 
ment in the EEG which results from cortisone 
treatment does not of necessity match de- 
tectable changes in alertness and in the 
mental state of the patient. For example, in 
figures 3b and 3c the EEG was not as ‘‘nor- 
mal’’ as would have been expected from the 
state of the patient. Again. figure 6¢ is less 
abnormal than is figure 6b and certainly 
there was no change in the alertness of the 
patient at the times of these two records. The 
possibility of a discrepancy existing between 
the mental state and the degree of electrical 
abnormality in Addison’s disease has already 
been mentioned by Romano and Engel (1944). 

Since cortisone became available it has be- 
come evident that some degree of suprarenal 
failure in association with chromophobe ade- 
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nomata is far commoner than was hitherto 
supposed. As far as we are aware it is only 
deficiency of the adrenal cortex (Engel and 
Margolin 1942; also Hoffman, Lewis and 
Thorn 1942) and of the thyroid gland (Ber- 
trand, Delay and Guillain 1938), which sig- 
nificantly influence the EEG. Of these two 
it is clear that adrenal cortical hypofunction 
produces the more profound effects and, for 
instance, Piaggio Blanco, Austt, Achard, 
Canabal and Dighiero (1950) indicated that 
myxoedema secondary to anterior pituitary 
failure could be distinguished electroenceph- 
alographically from primary myxoedema. A 
study of their paper and its illustrations 
leaves little doubt in our minds that this 
differentiation is possible because of features 
resulting from an associated secondary adre- 
nal cortical deficiency. This possibility was 
considered by these authors, but they drew no 
firm conclusion. Primary myxoedema, accord- 
ing to Austt (1950), results in slowing of 
frequencies and considerable reduction in 
voltage. In addition, in very long standing 
cases the alpha rhythm is said to disappear 
and a few high voltage slow waves may be 
seen (Bertrand, Delay and Guillain 1938). 
The changes in the EEG which oceur with 
suprarenal insufficiency have recently been 
well described by Cloche, Azerad and Stuhl 
(1952). These authors in a detailed study of 
9 patients observed that the most frequent 
abnormal rhythm was in the theta band 
(5-7 e/see.) and that this rhythm was of 
moderately high voltage and predominated in 
the anterior leads. The alpha rhythm was 
‘‘slowed’’, and there was also loss of faster 
activities which was partly: responsible for 
a uniform appearance of the records. High 
voltage delta waves were noted in the rest- 
ing record in 5 eases. Overbreathing did 
not influence the record of 4 patients, but in 
3 it increased the slow waves and in another 
patient it brought out large slow 3 ¢/see. 
waves. Hoffman, Lewis and Thorn (1942) 
had previously suggested that great sensitivity 
of the record to overbreathing was one of the 
features of adrenal cortical failure. The dis- 
crepancy between these two groups of workers 
in the effects of overbreathing may have been 
due to differing levels of blood sugar in the 


two groups of patients (cf. Engel and Mar- 
golin 1942). It may well be that the level 
of blood sugar at which sensitivity of the 
record to overbreathing in adrenal cortical 
hypofunction is manifested drops considerably 
after the administration of cortisone. This can 
be suggested following an isolated report by 
Bricaire, Misés, Dreyfus-Brisae and Fischgold 
(1953) that in an Addisonian patient instab- 
ility of the record upon overbreathing was 
present with a blood sugar level of 80 mg/100 
ml., and was absent when the blood sugar 
was 160 mg/100 ml.; following treatment 
with cortisone the record remained stable when 
overbreathing was performed in the presence 
of a blood sugar of 90 mg/100 ml. In our 
material there is insufficient information to 
allow us to comment further on these pos- 
sibilities except to record that increased stab- 
ility of the record on overbreathing invariably 
accompanied treatment with cortisone. 

It will be observed that the electroenceph- 
alographic changes described in primary adre- 
nal cortical hypofunction (Cloche, Azerad 
and Stuhl 1952) do not differ from those 
found in the majority of patients with a 
pituitary chromophobe adenoma except for 
the presence of asymmetry between the hem- 
ispheres. To6nnis, Steinmann and Krenkel 
(1953) aseribed the bilateral theta rhythm 
among patients with a pituitary chromophobe 
adenoma primarily to alteration of water me- 
tabolism, with a tendency to water retention. 
It is known that the metabolism of water is 
abnormal in suprarenal deficiency (Levy, 
Power and Kepler 1946), and ean be rectified 
by the administration of cortisone (Oleesky 
and Stanbury 1951). To try to decide whether 
disturbed water metabolism affects the EEG 
more profoundly than the other metabolic 
consequences of suprarenal deficiency seems 
to us unprofitable at the moment. It is suf- 
ficient to be aware that adrenal cortical hypo- 
function is the factor which most profoundly 
influences the EEG in the majority of pa- 
tients with a pituitary chromophobe adenoma. 
This last statement has recently gained indi- 
rect support from Hughes and Summers 
(1956). They reported changes in the EEG 
in the hypopituitary state consequent upon 
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post-partum necrosis of the pituitary. The 
alpha rhythm was greatly reduced and the 
feature of the records was a generalized theta 
activity at 4.0-6.5 e/see. 

Tonnis, Steinmann and Krenkel (1953) re- 
marked that in all cases of pituitary tumour 
in which the record showed asymmetry of fre- 
quencies between the two hemispheres, there 
was evidence of an extrasellar lesion. Our re- 
sults support this finding, and we should like 
to suggest that pressure from a basal mass 
exerted asymmetrically causes the manifesta- 
tions of a metabolic disorder to be unequally 
apparent in the two hemispheres. But the fact 
that the record may remain symmetrical (e.g. 
fig. 5) or even all-but normal (e.g. fig. 1) in 
the presence of suprasellar extension of a 
pituitary adenoma must not be overlooked. 


From the findings in this survey we 
wish to state that the study of patients with 
pituitary chromophobe adenomata should not 
be regarded as complete until an EEG has 
been obtained. Further experience may prove 
that this examination can sometimes be the 
most sensitive indicator of secondary supra- 
renal hypofunction. The EEG would perhaps 
be rendered even more informative if it in- 
eluded the effects of overbreathing obtained 
when the patient’s blood sugar was no higher 
than 80 mg. per 100/ml. It is possible, also. 
that increased information could be obtained 
by the use of a nasopharyngeal lead (ef. 
Fauré, Jasper and Henderson 1948). Finally, 
when present, the finding of focal abnormal- 
ities in the records of these patients may give 
the lead in the detection of otherwise unsus- 
pected massive suprasellar extensions of these 
tumours. 


SUMMARY 


1. One hundred and two electroenceph- 
alograms from 59 patients with a pituitary 
echromophobe adenoma and 32 EEG’s from 
17 patients with a Rathké pouch cyst have 
been reviewed. 

2. The records of those with a pituitary 
echromophobe adenoma could be divided as 
follows: the bulk of the records showed a 
clear theta rhythm (4-7 c/sec.) which was 
often asymmetrical. Of the remainder, 10 
were normal or borderline normal; 9 were of 
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low voltage; and 3 showed generalized delta 
waves. 

3. Although similar features occurred 
among some of the patients with a Rathké 
pouch eyst, recordings in the presence of a 
Rathké pouch eyst frequently showed _ bila- 
terally synchronous rhythmic delta _ bursts 
(1.5-2.5 ¢/see.) such as were only once ob- 
served with a pituitary chromophobe adeno- 
ma. 

4. Serial EEG’s have been obtained in 
many of these patients, and it has usually been 
possible to demonstrate recession of the ab- 
normal activity with hormone replacement 
therapy (cortisone, thyroid and sometimes 
testosterone). It is known that symmetrical 
theta activity may occur as a manifestation 
of suprarenal failure and that it can be dis- 
persed by treatment with cortisone. 

5. It is our behef that many of the EEG 
abnormalities commonly ascribed to pituitary 
tumour are in fact caused by associated endo- 
erine deficiencies. However, it seems possible 
that the asymmetries of the record in these 
patients are associated with asymmetrical pres- 
sure upon structures at the base of the brain. 

6. The possible value of the EEG in the 
diagnosis and management of these patients 
is discussed. 


We are indebted to Mr. Joe Pennybacker for 
permission to record clinical details of the patients 
admitted to the Department of Neurosurgery. We are 
also grateful to Mr. Pennybacker and to Dr. C. W. 
M. Whitty for helpful criticism and advice. 

Several of the records were made by Miss F. 
M. Taylor and her assistance is gratefully acknow- 
ledged. 

During the preparation of this paper one of us 
(A.A.J.) held a Nuffield Foundation Fellowship. 
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The starting point of this study was the 
well known observation that involuntary 
movements caused by diseases of the so-called 
extrapyramidal system are increased by sen- 
sory and emotional stimuli, while they de- 
erease in sleep. In view of the role which the 
diencephalon plays in the mechanism of emo- 
tions and in the alternation between the 
waking and the sleeping state, it was hoped 
that a study of thalamic impulses to the 
striopallidum may shed some light on these 
phenomena. 


ANATOMICAL DATA 


In comparative-anatomic studies on mam- 
mals frequently fine fibers can be found in 
the caudate nucleus that can be followed into 
the internal capsule (Spiegel 1919). There 
is, however, little agreement among anatomists 
regarding the projection of various thalamic 
nuclei upon the striatum and pallidum. For 
the centrum medianum, one group of authors 
(Walker 1938; Mettler 1945; Glees and Wall 
1946) assumed a connection with the palli- 
dum, that is, however, not accepted by the 
Vogts (1941) and by McLardy (1948) who 
arrived at the conclusion that the impulses 
from this nucleus reach the striatum. Sim- 
ilarly Hassler (1949) describes a projection 
to the fundus striati, and Droogleever-For- 
tuyn and Stevens (1951) assume that only 
the putamen and claustrum receive impulses 
from this nucleus. 

The intralaminar and midline nuclei send 
impulses to the caudate nucleus according to 
Droogleever-Fortuyn and Stevens; similarly 
Cowan and Powell (1955) find that the in- 
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tralaminar nuclei project to the head of the 
caudate, the parafascicular nucleus to the 
putamen, while Hassler (1949) describes con- 
nections from the lamina medullaris to the 
pallidum and from the nucleus parafascicu- 
laris to the most medial part of the striatum 
(Fundus striati of Brockhaus). 


There is also no agreement regarding the 
projection of the nucleus ventralis anterior. 
It sends impulses to the striatum according 
to Walker, to the pallidum according to 
Ranson (1942). Kuhlenbeck (1954) thinks 
that this nucleus may have reciprocal relation- 
ships to the pallidum, putamen and caudatus. 


For the dorsomedial nucleus Papez assumes 
a connection to the pallidum while Glees and 
Wall (1946) draw connections to the nucleus 
centrum medianum from which a projection 
to the pallidum may exist. In the older litera- 
ture there is a statement by Sachs (1909) that 
the anterior nucleus projects to the striatum. 
More recent authors do not mention such a 
connection. In contrast to the above men- 
tioned authors who described some degenera- 
tive changes in thalamic nuclei after striatal 
lesions, Nashold,; Hanbery and Olszewski 
(1955) failed to find changes in the thalamus 
following small lesions of the caudate nucleus 
or putamen in cats and monkeys. They con- 
elude that the thalamic projections to the 
striopallidum are either not extensive or 
formed by collaterals. 


In view of these difficulties of anatomic 
investigations, a systematic electrographic 
study seemed of interest. In this respect, 
there are only occasional observations from 
Magoun’s laboratory. Surprisingly these au- 
thors were only able to record changes in the 
electrical activity of the caudate nucleus but 
not in the pallidum. 


* 
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METHOD 


Experiments were carried out on 130 eats. 
In one group a 3 per cent solution of strych- 
nine sulfate, 0.01 - 0.02 ee., or penicillin in 
oil, 0.02 ec., was injected in curarized animals 
in various parts of the thalamus. In the 
second group, electric pulses obtained from 
a Grass Stimulator (pulse duration 2 msec; 
4-20V., only occasionally 30 V.; electrode re- 
sistance 30-70,000Q) were applied by means 
of concentric needle electrodes in cats under 
Dial anesthesia. The electric discharges of the 
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Fig. 1 


basal ganglia were lead off by depth elec- 
trodes (average resistance 30,0000) and those 
of the cerebral cortex by epidural electrodes ; 
usually bipolar, occasionally also monopolar 
tracings were obtained on an inkwriting elec- 
troencephalograph and a cathode ray oscillo- 
scope. Stimulating as well as recording elec- 
trodes were inserted stereotactically. Their 
position was always checked anatomically and 
in important eases in histologic serial sections 
stained by the Weil method (fig. 1). 


A. Cat 77. Electrode in the caudate nuclei and pallida (corresponding 


records in fig. 3 A-C). 


B. and C. Cat 109. B. Electrode in the globus pallidus, C, electrode in 
the caudate nucleus (eorresponding record in fig. 3 G). 


MD 


ee Alradt niprnnevypl ev pavtannnlannyal in 


Fig. 2 


Effect of local strychninization. 


A. Cat 47, curarized, 5 min. after injection of 3 per cent strychnine sulf. 
0.01 ee. into the dorsomedial nucleus. Monopolar records from the 
pallidum (Pa) and frontal cortex (Co). 

B. Cat 57, curarized, 5 min. after injection of 3 per cent strychnine sulf. 
0.02 ee. into the dorsomedial nucleus. Bipolar records from the pallidum 


(Pa) and caudate nucleus (Cau). 
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THALAMiC IMPULSES TO THE STRIATUM AND PALLIDUM 


RESULTS 


Strychnine injections. Injections into the 
dorsomedial nucleus, into the nucleus ventra- 
lis anterior or into the centrum medianum 
produce single or multiple spikes that may 
appear in more or less rhythmic intervals 
(fig. 2). On injection into the dorsomedial 
nucleus, such reactions were obtained in the 
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examination following injection into the dor- 
somedial nucleus, for instance, revealed not 
infrequently that the solution that had been 
stained with methylene blue had reached the 
periventricular gray and/or the region of 
the intralaminar (IL) nuclei, so that stimula- 
tion of these cell groups could not be excluded. 
We felt, therefore, that definite localizing con- 
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Fig. 3 


Effect of single electric pulses. 
A. Cat 77. 
nucleus (Cau) 
B. C. D. Cat 77. 
pullidum and cortex only 
ulation 
with 30 V.). 


Stimulation of the nucleus ventralis ant.: 
and frontal cortex (Co), no reaction in the pallidum (Pa). 
Stimulation of the dorsomedial nucleus. 
(B; 10° 7., 
after electrolytic lesion of the area of stimulation (no effect 


slow waves in caudate 


Reaction in the 


C, 20 V.). D. Repetition of stim- 


E. F. Cat 84. Stimulation of the anterior part of the nucleus ventralis 


lateralis. 


Spindle formation in the 


caudate nucleus only. Note long 


latent period (about 0.2 sec.) before beginning of spindle formation 


and ineffectiveness of stimulus during spindle. 


resistance 55,000 Q. 
G. Cat 109. Stimulation of nuel. 


ventralis anterior. 


Stimulating electrode: 


Spindle formation in 


pallidum (Pa) and caudate nucleus (Cau). 


caudate nucleus as well as in the globus 
pallidus, while on injection into the nu- 


cleus ventralis anterior (VA) or into the cen- 
trum medianum (CM) pallidal reactions pre- 
vailed. However, on injection into rather 
small nuclei one has to bear in mind that the 
fluid easily diffuses to adjacent cell groups, 
even if it is limited to 0.01 - 0.02 ee. Anatomic 


clusions from strychnine injections are hardly 
permissible if one deals with these relatively 
small nuclei. Consequently most of our ex- 
periments were devoted to electric stimulation. 


Electric stimulation. Single electric im- 
pulses elicit single or multiple waves, the 


duration of which may vary between 0.04 and 
0.3 see. (fig. 3 and 4). On repeated stimula- 
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tion at regular intervals, for instance every 2 
sec., not only the duration but also the height 
of these waves may show periodic fluctua- 
tions. The waves may appear rather inde- 
pendently in the caudate nucleus and in the 
pallidum, for instance figure 3 A shows them 
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(fig. 3 G). Stimulation during a spontaneous 
or induced spindle (fig. 3 F) usually is inef- 
fective. While the latent period of the single 
waves varies between 10 and 30 msec., the 
appearance of the first wave of the spindle 
formation may be delayed up to 200 msee. 
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(fig. 3 EH, F). With repeated stimulation, 


in the caudate nucleus only, figure 3 B and 
particularly of the nuclei of the non-specific 


3 C in the pallidum only. After electrolytic 
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Fig. 4 
Cat 92. Fluctuations in the amplitude of the pallidal reaction a to n: 
Stimulation of the nucl. centrum medianum every 2 sec. Stimulus. 30 V., 
15 » A., 2 msec. 


destruction of the area of stimulation in the 
dorsomedial nucleus (fig. 3 D), a reaction 
in the pallidum no longer appeared, al- 
though a higher voltage was used in 3 D after 
the electrolysis than in the preceding stim- 
ulations. 

A further type of reaction observed, par- 
ticularly on stimulation of the nucleus ven- 
tralis anterior and of the intralaminar nu- 
clei, is the appearance of groups of waves 
with a frequency of 6-7/see. similar to spon- 
taneous spindles, either in the caudate nu- 
cleus alone (fig. 3 E, F) or in both ganglia 
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Fig. 5 
Cat 105. Recruitment in pallidum (Pa) and caudate 
nucleus (Cau) on stimulation of the lamina medullaris 
interna (5 V., 8.5/sece.). Between A and B continuous 
stimulation for 8 sec. 
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system at frequencies between 4 and 10/sec., 
recruitment phenomena were elicited as de- 
scribed by Starzl and Magoun (1951). How- 
ever, also these reactions are not limited to 
the caudate nucleus, but may also be recorded 
from the pallidum (fig. 5). Stimulation of 
the nucleus ventralis posterior may induce 
rudimentary recruitment, particularly in the 
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caudate, or high amplitude waves at the 
rhythm of stimulation or at a lower frequency 
(fig. 6 and 7). On prolonged stimulation, 
the high amplitude oscillations may be follow- 
ed by an alternans type with high and low 
amplitude waves alternating in the rhythm 
of stimulation (fig. 6), or groups of waves 
in that rhythm and with low amplitude may 
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Fig. 7 
Cat 113. (Same as in fig. 6). Stimulation of the nucleus ventral poster. 


4 V., 8.5 stim/sece. 
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be combined with groups of oscillations of 
lower frequency and high amplitude (fig. 7). 

Origin of the reaction: Thalamic impulses 
reaching the striopallidum originate not only 
in the nuclei of the so-called nonspecific pro- 
jection system, but also in association nuclei 
(anterior and dorsomedial nucleus) and to a 
certain extent in the nucleus ventralis pos- 
terior. However, the influence of the non- 
specific nuclei is more constant and definite 
than that of the association nuclei and, within 
the former nuelei, the effect is most pro- 
nounced from the IL and the VA, the weakest 
and least constant from the CM. While a 
definite effect upon the caudatus and _ palli- 
dum could be observed from the IL, the in- 
fluence of the VA was more marked upon the 
caudate than upon the pallidum. More fre- 
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Fig. 8 
Cat 85. Pallidal reaction on stimulation (20 V.) of A: 
the ventral part of dorsomedial nucleus (18 mm. deep) 
and B, of the lamina medullaris interna (19 mm. 
deep). 


quently than on electric stimulation, the in- 
fluence of the VA upon the pallidum could 
be demonstrated in the strychnine exper- 
iments. From the dorsomedial nucleus re- 
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Fig. 9 
Cat 105. Stimulation at various levels, 5 V., 5/see. 
A. 21 mm. deep (lamina medullaris interna). 
B. 23 mm. deep (Forel’s field). 
C, 25 mm. deep (outside of mamillary body). 


actions of the pallidum were obtainable; they 
were slighter in the caudate. Only in one case 
the reverse was observed. A large part of the 
effects obtained from the DM may be due to 
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Fig. 10 
Cat 108. Hypothalamic stimulation. Rudimentary re- 
action in the caudate nucleus, 5 V., 5/see. Between 
A and B continuous stimulation for 10 see. 
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spread to IL. Such an interpretation is sup- 
ported by experiments in which the electrode 
was lowered millimeter by millimeter from the 
area of the dorsomedial nucleus into that of 
the lamina medullaris interna. Sometimes it 
could be noted that stimulation of the most 
ventral part of the dorsomedial nucleus was 
ineffective, but further lowering of the elec- 
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Fig. 11 
Cat 110. Stimulation of the lamina medullaris externa. 


trode tip by one millimeter into the region 
of the lamina medullaris interna produced 
definite reactions (fig. 8). However, an in- 
dependent influence of parts of the dorso- 
medial nucleus, particularly upon the palli- 
dum ean not be denied, since it could be de- 
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Fig. 12 
Cat 123. Lesion of the left caudate nucleus. 


monstrated in stimulation with single pulses 
that electrolysis of the area of stimulation in 
the dorsomedial nucleus was able to abolish 
the reaction (fig. 3 D). Furthermore an in- 
stance was observed in which the stimulating 
effect decreased when the electrode in the 
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Fig. 13 
A. Record from the left pallidum (P) and from its ventral surface (Pb) 


before the lesion in the caudate nucleus. 


Stimulation of the anterior part 


of the left nucleus ventralis lateralis, at 10 V. 
B. Repetition of the stimulation with the same parameters after the lesion. 
Between A and A’ and B and B’ respectively continuous stimulation 


for 6 see. 
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dorsomedial nucleus approached the IL. From 
the AN a weak reaction in the caudate nu- 
cleus could be observed in some instances; on 
insertion of the electrodes into the adjacent 
VA, the reaction definitely increased as a 
rule. When the electrode was lowered beyond 
the lamina medullaris interna into the sub- 
thalamus the recruitment reaction decreased 
definitely (fig. 9). On hypothalamic stim- 


ulation, at the most occasional rudimentary 
reactions were noted (fig. 10). Whether the 
recruitment obtained on stimulation of the 
region of the lamina medullaris externa (fig. 
11) is due to stimulation of cell groups of this 
area or of fibers passing through it could not 
be decided. 
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Fig. 14 


Cat 127. Effect of ablation of the left frontal lobe. 
Stimulation of the left n. ventral. anter. at 10 V., 
4/sec. Record from the center (Pa.c.) and dorsal 
part (Pa.t.) of the pallidum. 

A. Frontal lobe intact. 

B. A few minutes after. 


C. 11% hours after ablation of the left frontal lobe. 


Pallidal reaction following striatal lesions 
and ablation of the frontal lobe. It has been 
mentioned that pallidal reactions appeared 
not only simultaneously with striatal re- 
sponses, but also independently (fig. 3B; 
4). This independence of the former reac- 
tions from the striatum is further demon- 
strated by experiments in which the influence 
of lesions in the caudate nucleus upon the 
responses of the pallidum was studied. While 
it is practically impossible to eliminate the 
caudate completely, large lesions could be 
produced in its head (fig. 12). Subsequently 
the pallidal reactions may not only be pre- 
served but even increased (fig. 13). Abla- 
tion of the frontal lobe on the side of the 
pallidum tested also does not abolish the 
reaction of this ganglion to thalamic stimula- 
tion (fig. 14) though this reaction may .be 
initially depressed. 


DISCUSSION 


It was found that multiple impulses from 
various parts of the thalamus are able to in- 
fluence the functional state of the caudate 
nucleus and of the globus pallidus. This in- 
fluence is not restricted to the nuclei of the 
so-called nonspecific projection system but 
is also demonstrable, at least to a certain 
extent, from the association nuclei and the 
relay nuclei of a main sensory system such 
as the nuclei ventrales posteriores. It 1s pos- 
sible that the type of reaction observed on 
stimulation of these latter nuclei is related 
to the ‘‘augmenting responses’’ observed in 
the sensory cortex on their stimulation (Demp- 
sey and Morison 1943). Further studies will 
have to elucidate this question. The anatomic 
basis for this effect of stimulation of the 
ventro-posterior thalamic nuclei upon the cau- 
date nucleus may be sought in striatal colla- 
terals of corticopetal fibers originating in 
these nuclei. 


Parallel stimulation studies are being ecar- 
ried out in the human brain preceding palli- 
do-ansotomy (Spiegel and Wycis 1956). Such 
studies are, of course, not possible to the 
same extent as in experimental animals. It 
could, however, be shown that stimulation of 
the region of the lamina medullaris interna 
in the human brain is also able to elicit re- 
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cruitment phenomena in the pallidum. It 
may, therefore, be permissible to suggest in- 
ferences from the present findings regarding 
pathologic problems. If it is true that the 
functional state of the basal ganglia is closely 
related to that of various parts of the thal- 
amus, as our experiments indicate, then it 
becomes understandable that sensory or emo- 
tional stimuli, by increasing the state of exci- 
tation of the thalamus, augment the pallido- 
fugal impulses that cause or facilitate the in- 
voluntary movements seen in diseases of the 
so-called extrapyramidal system. Conversely 
these pallidofugal impulses would be reduced, 
if the thalamus is quiescent as in states of 
reduced consciousness. 


The multiplicity of the thalamic impulses 
streaming into the striopallidum seems to pre- 
elude the possibility to reduce for longer 
periods of time involuntary movements of 
extrapyramidal origin by relatively small le- 
sions interrupting a part of these impulses. 
This is in agreement with previous experiences 
(Spiegel and Wycis) that bilateral lesions of 
the dorsomedial nuclei reduced the tremor of 
paralysis agitans only temporarily if at all, so 
that operations designed to reduce such invo- 
luntary movements have to be directed to the 
efferent parts of the basal ganglia. 


SUMMARY 


1. Electrographie studies show that mul- 
tiple thalamic impulses reach the caudate nu- 
cleus and/or globus pallidus. These findings 
indicate a close relationship between the func- 
tional state of the thalamus and that of the 
striopallidum. 

2. Ablation of the frontal lobe or large 
lesions in the head of the caudate nucleus do 
not prevent the appearance of pallidal re- 
actions on thalamic stimulation. 

3. Possible implications of these findings 
for the physiopathology of the basal ganglia 
are discussed. 
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ANNOUNCEMENT 


TRAINING GRANTS IN PSYCHIATRY 


Psychiatrie Resident appointments are available at Saint 
Elizabeths Hospital, Washington, D. C., to graduates of Canadian 
medical schools that are approved by the American Medical Associa- 
tion. Such graduates must have served an internship, either in 
Canada or the United States, that has been approved by the 
American Medical Association. Appointments may be made to 
other than American citizens in certain circumstances. The stipend 
is $3700, $4100, and $4500 for the first, second, and third year, 
respectively. Single rooms are available in the Hospital for $10 
per month. Meals can be purchased at the Hospital cafeteria for 


up to $2.05 per day. 


The training program -includes organized lectures and sem- 
inars and supervised experience in psychotherapy, as well as other 


accepted forms of treatment. The residency is fully approved. 


Washington, D. C., offers many educational and cultural 
advantages. Staff appointments after completion of the residency 
are generally available. For full information and application forms, 
write to the Superintendent, Saint Elizabeths Hospital, Washington 
20, D. C. 
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SUPRASYLVIAN AUDITORY RESPONSES IN THE CAT! 


CESARE T. LomBroso, M.D. and Jerome K. Mertis, M.D. 2 


Seizure Unit, Department of Pediatrics at Harvard Medical School, National Veterans 
Epilepsy Center and the Neuropsychiatry Service, Boston VA Hospital, 
Boston, Mass. 


(Received for publication: September 26, 1956) 


On the basis of physiologic and histologic 
features, the classical ectosylvian auditory 
area is now considered to consist of three 
portions: Al, A2 and Ep. (Ades 1943; Bre- 
mer 1952; Lilly and Cherry 1952; Perl and 
Casby 1954; Rose 1949; Rose and Woolsey 
1949; Woolsey and Walzl 1942). Tunturi 
(1945) has described an additional area, 
A3, in the ventral portion of the anterior 
ectosylvian gyrus in the dog, and similar 


have presented evidence for still another 
area responding to acoustic stimulation, dis- 
tinct from the areas previously described, 
and manifesting certain features of interest. 


METHODS 


The observations were made on 32 adult 
cats. Anesthesia was induced by Nembutal 
(35-50 mg/kg.) or Dial-urethane (50-60 
mg/kg.) intraperitoneally, supplemented by 
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Fig. 1 


A. Sensory areas of cat (after Bremer 1952). 


AI, A2, A3 — auditory areas. 
S1, S2 — somatosensory areas. 
VI, V2 — Visual areas. 

Ep is not designated. 


B. To show SS — suprasylvian area of this communication. 


observations in the cat have been made by 
Mickle and Ades (1952) and Bremer (1952) 
for an area comprising the inferior portions 
of the anterior ectosylvian and suprasylvian 
eyri and gyrus compositus (fig. 1). Our 
studies of the suprasylvian region in the cat 


1 This investigation was supported in part by a 
research grant, No. RG-3705(C2S), from The National 
Institute of Neurological Diseases and Blindness of 
The National Institute of Health, the U. 8. Public 
Health Service. 

2 Now at University Hospital, Baltimore, Md. 


small increments intravenously as required. 
In some experiments unanesthetized curarized 
preparations and ‘‘encéphale isolé’’ prepara- 
tions of Bremer were prepared under ether 
anesthesia and local procaine infiltration, 
and studied under artificial respiration. The 
cortex was exposed and kept moist and, in 
long-lasting experiments, was covered by a 
layer of warm mineral oil. Recording was 
accomplished through saline-wick electrodes 
leading to a Grass ink-writing oscillograph or 
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to a double-beam Dumont cathode-ray oscillo- 
scope. Recording was usually monopolar, 
using the neck muscles, nasal skin or the 
Horsley-Clarke instrument as the reference 
point. Significant responses were checked by 
bipolar pick-up. 

Click stimuli were provided by the square 
wave output of a Grass stimulator through 
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In some experiments cortical ablation was 
performed aseptically, and the animals were 
studied after a six-week to six-month interval. 

In two experiments a detailed map was 
made. The exploring electrodes were moved 
by means of the electrode carrier of a Horsley- 
Clarke instrument, using 1 mm. coordinates. 
Ten or more responses from each point were 
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Fig. 2 


Map of evoked responses to click, Dial anesthesia. 


ear phones (PDR 8) or a loud speaker, the 
click being conducted either through air or 
through plastic tubing to one or both ears. 
The tube length was such as to interpose a 
1 msec. delay between earphone response and 
the arrival of the sound at the ear. No 
attempt was made to explore intensity effects 
in any detail, a click of moderate intensity 
being used. 


recorded from the cathode ray oscilloscope 
and enlarged scale maps of the consistent re- 
sponses were prepared. 


RESULTS 


Figures 2 and 3 illustrate the results 
from an experiment in which approximately 
1,000 sq. mm. of cortical surface were explored. 
Two areas of response to acoustic stimulation 
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are defined, one in the ectosylvian gyrus 
corresponding with Al and A2 as described 
by others, and the other in the anterior supra- 
sylvian gyrus lying more medially than the 
A3 area previously described (see fig. 1). 
In this experiment, the lower portion of the 
suprasylvian gyrus was not explored, and 
A3 is not defined, but other observations by 
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areas there is usually a band of relatively 
unresponsive cortex. The wave form of the 
SS response consists of an initial large sur- 
face-positive deflection sometimes, but not al- 
ways, followed by a slower negative deflection. 

The anesthetic used, and its dosage, are of 
crucial significance in determining the limits 
of the responsive area. Under light to mod- 


Enlarged sector of map of figure 2. 


us corroborate the localization of Mickle and 
Ades and of Bremer. 

The anterior suprasylvian responses (SS) 
are usually of simpler wave form and lesser 
magnitude than those recorded from the ecto- 
sylvian gyrus (ES). Both respond ap- 
proximately simultaneously with a latency of 
5-8 msec., with neither consistently leading the 
other (fig. 4). Interposed between the two 


erate Nembutal anesthesia (35-45 mg/kg.) the 
responses are prominent in the ectosylvian 
gyrus. Although sometimes absent, they fre- 
quently may be recorded from the suprasyl- 
vian region as well. Under light Dial anesthe- 
sia (50 mg/kg.) the suprasylvian responses 
are far more consistent and stable than under 
Nembutal, and may be of considerable magni- 
tude. The SS responses have also been record- 
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Fig. 4 


Upper trace — suprasylvian response. Lower trace — ectosylvian response. 


Single and multiple responses. {tn this and in all other figures, negativity 
is signalled by an upward deflection. 
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Fig. 5 


A and C ectosylvian and B and D — suprasylvian responses of the two 
hemispheres. Between B and C, left cochlea destroyed. Note marked atte- 
nuation of right SS response and augmentation, especially of negative 
phase, of left SS response. The right ES response shows slight attenuation. 
Time in msee (small divisions). 


SUPRASYLVIAN 


ed in the unanesthetized curarized animal and 

in the ‘‘eneéphale isolé’’ preparation. 
Increasing the depth of anesthesia with 
either Dial or Nembutal tends to abolish the 
SS response, whereas the ES response, al- 
| though somewhat attenuated, is still easily 
obtained. In the unanesthetized curarized 


preparation, however, a small dose of Dial 


A 


Upper trace left, and lower 

A — after local application of 

B—after destruction of left 
on left. 

C — after local application of 
destroyed). 


(3-5 mg/kg. i.v.) has produced immediate 
enhancement of the SS response. 

The suprasylvian response does not depend 
upon the integrity of the ectosylvian area, for 
complete acute or chronic ablation of the 
ectosylvian gyrus, unilaterally or bilaterally, 
does not appreciably influence the responsive- 
ness of the suprasylvian gyrus. Complete 
degeneration of the medial geniculate was not 
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strychnine to each SS area 
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observed after such chronic ablation (see Rose 
and Woolsey 1949). 

Augmentation of ES responses by the local 
application of strychnine (0.1-1.0 per cent) 
does not appreciably influence the SS re- 
sponses, although spontaneous spiking is mani- 
fest in the strychninized ES area. In the usual 
preparation, the local application of strych- 
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Fig. 6 


trace — right SS response. 
strychnine to each SS area. 
cochlea. 


Note augmentation of response 


(left cochlea 


nine to the SS area does not enhance the SS 
responses. However, under certain circum- 
stances, as described below, a marked strych- 
nine augmentation is demonstrable. 

If completely monaural acoustic stimula- 
tion is achieved by destruction of one cochlea, 
the SS response of the contralateral hem- 
isphere is depressed or abolished, although the 
ES response may be little affected (fig. 5). 
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The ipsilateral SS response, on the other hand, 
usually is augmented, especially the surface- 
negative phase. We have noted that simply 
making a hole in the bulla frequently is suf- 
ficient to depress significantly the contra- 
lateral SS response. In association with Dr. 
Kiang (Massachusetts Institute of Technol- 
ogy) we have demonstrated that this depres- 
sion is probably due to interference with the 
physical transmission process, for it is re- 
versible so long as the cochlea itself is intact. 
Thus, if the hole made in the bulla is sealed 
with wax, the SS response again regains its 
previous amplitude. 

After destruction of one cochlea, local 
strychninization of the ipsilateral SS area 
almost invariably augments its response (fig. 
6). Strychnine applied to the contralateral 
SS area remains without influence on the 
responses, although spontaneous strychnine 
spikes appear. This phenomenon of strych- 
nine augmentation of the suprasylvian evoked 
potential has also been observed in the chronic 
preparation, two weeks after destruction of 
one cochlea. 

After local strychninization, the sponta- 
neous strychnine spikes of either suprasylvian 
area are frequently accompanied by twitches 
of the pinna contralateral to the spiking 
cortex. This is also true, but less frequently 
so, of the strychnine augmented evoked poten- 
tials, which are usually of lower amplitude 
than the spontaneous spikes. 

When monaural stimulation was achieved 
by applying the click through a plastic tube 
to one ear alone with the other cochlea intact, 
no consistent asymmetry of the SS responses 
was observed, nor was strychnine effective in 
augmenting the evoked SS responses. 


DISCUSSION 


Perl and Casby (1954), using the La- 
placian electrode, failed to note any signi- 
ficant area of response to click in the supra- 
sylvian region. In their experiments the an- 
esthesia was moderate to deep sodium pento- 
barbital, as judged by areflexia and respira- 
tory rate. Their studies have indicated a 
more restricted distribution of the acoustically 
evoked potential than is recorded with the 
usual monopolar or bipolar technique. They 
considered that the larger area of response 


with conventional methods of recording is 
due to passive spread from more distantly 
located active regions. Some doubt, then, may 
be placed on the interpretation that the po- 
tentials we have recorded from the supra- 
sylvian region are truly evoked cortical re- 
sponses. 

Any such passive spread must arise from 
subeortical activity, since it is demon- 
strated that the SS response persists un- 
changed after complete ablation of the ecto- 
sylvian region. Inasmuch as the ES and 
SS responses are essentially identical in la- 
tency, the SS response is not a reflection of 
the geniculate response, which precedes the 
cortical response. 

The most probable source of spread would 
be the auditory radiation volley. Indeed, the 
initial small negativity of the ES response 
(fig. 4) has been attributed to the afferent 
volley (Bremer 1952). Such an initial phase 
has not been observed by us in the SS re- 
sponse. Although destruction of one cochlea 
usually results in some depression of this 
phase of the ES response, and sometimes of the 
first positivity (a smaller response to a 
smaller radiation volley), the marked de- 
pression of the SS response, sometimes to 
complete abolition, quantitatively far exceeds 
these effects on the ES response. It is ne- 
cessary to consider that the SS response is, 
to a large extent, dependent on the fraction 
of the auditory radiation volley abolished by 
destruction of the contralateral cochlea. The 
belief that this is so is supported by the de- 
pression produced by making a hole in the 
bulla. It is reasonable to assume that there is 
a direct relationship between the SS response 
and this specific portion of the auditory ra- 
diation volley, i.e. that this portion of the 
volley evokes the response rather than that 
this fraction of the volley passively contri- 
butes the potential to the SS area. 

More crucial evidence furthering the in- 
terpretation of the SS response as a _ local 
cortical phenomenon is found in the results 
of the strychnine experiments. Although the 
failure of local strychnine to augment the 
SS response is not explained, similar failures 
have been noted for eallosal volleys to the su- 
prasylvian gyrus by Chang (1953) and eal- 
losal volleys to Al and A2 by Bremer (1952). 


The latter considers that this failure is due to 
a feeble synaptic density in the area strych- 
ninized. 

The mechanisms involved in the increased 
sensitivity to local strychninization of the 
suprasylvian area after destruction of the 
ipsilateral cochlea require further investiga- 
tion. It is of significance, however, that the 
evoked responses are augmented, and there- 
fore must be responses of cortical neurones 
activated by an afferent volley set up by the 
click stimulus. 

The functional significance of the various 
auditory areas which have been described is 
not clear. In the eat, total ablation of the 
ectosylvian Al and A2 areas does not appre- 
ciably affect frequency discrimination, al- 
though when combined with S2 ablation (in- 
cluding A3), there is a deficit of minor de- 
gree (Meyer and Woolsey 1952). Al, A2 and 
Ep ablation does not produce deafness, but 
does produce loss of ability for tonal pattern 
discrimination (Diamond and Neff 1953). It 
is clear that removal of all the temporal lobe 
in the cat bilaterally does not abolish hearing. 

A83 is an area in which there is an over- 
lap of evoked potentials from auditory, vesti- 
bular, tactile and muscle stimulation, and 
it has been considered to represent an area for 
integration of impulses for postural adjust- 
ment and spatial orientation (Mickle and 
Ades 1952). One might anticipate that vi- 
sion, so important in such adjustment and 
orientation, would have representation in this 
region, but we have not been able to de- 
monstrate evoked response to flash in this 
region. 

Pribram, Rosner and Rosenblith (1954) 
recently have described extratemporal audi- 
tory responses in the monkey, with signifi- 
eant responses in the parietal operculum. 
These responses persisted after acute ablation 
of temporal auditory cortex but not after 
chronic ablation. In this regard the findings 
differ from our observations in the cat, for 
in our experiments the SS response is not af- 
fected by chronic ablation of the ectosylvian 
auditory area. Although the homologue of 
eat’s suprasylvian area in the monkey is not 
clear, it may well be represented in the pa- 
rietal cortex (Kappers, Huber and Crosby 
1936). 
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In the present study the augmentation of 
the SS response after destruction of the ipsi- 
lateral cochlea suggests that the cochlea exerts 
a significant tonic inhibitory influence on the 
ipsilateral response, whereas its excitatory 
influence is largely contralateral. The site of 
this inhibitory influence is not known, and 
further study of the phenomenon is required. 

In another communication (Merlis and 
Lombroso 1955) we have reported the observa- 
tion that electrical stimulation of the SS area 
of one hemisphere evokes pinna movement, at 
low threshold, limited to the contralateral ear, 
and sometimes, conjugate movement of the 
eyes to the opposite side. Stimulation of ES, 
on the other hand, evokes bilateral ear move- 
ment. 

It has been pointed out (Bremer. 1953) 
that areas of sensory-motor overlap subserve, 
at the least, simple cortical reflexes. Consider- 
ing the SS area as one sensory-motor overlap, 
the pattern of reaction would be as follows: 
sound striking one ear more strongly than the 
other evokes a greater response in the con- 
tralateral suprasylvian region, the motor con- 
comitant of which is the pricking up of the 
contralateral ear; i.e., the pinna of the ear 
more strongly stimulated acoustically. Simul- 
taneously with this, the eyes, and perhaps the 
head may turn toward the site of origin of the 
stimulus. In contrast with this, the ectosyl- 
vian area pattern would be considered one to 
alert the animal to a stimulus not localizable 
in space, by causing both ears to prick up in 
a general reaction of attention. 

The mechanism of the ability to localize 
sound in space is far from clear, although 
there is electrophysiologic evidence suggesting 
that unequal activation of Al and A2 may 
be involved (Rosenzweig 1954). Neff et al. 
(1950) have indicated that bilateral ablation 
of Al and A2 produces a severe deficit in a 
learned habit involving localization, although 
some degree of localization ability remains. 
The marked dependence of the SS response 
area on contralateral acoustic stimulation sug- 
gests that it may play a role in this mech- 
anism. 


SUMMARY 


1. In the eat, auditory stimulation by click 
evokes potentials in an area of the anterior 
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suprasylvian gyrus distinct from areas pre- 
viously described. 

2. The suprasylvian response (SS) is not 
abolished by complete ablation of the ecto- 
sylvian gyri, bilaterally. 

3. Augmentation of the ectosylvian re- 
sponse (ES) by local strychninization does not 
augment the suprasylvian response. 

4. Destruction of one cochlea produces de- 
pression of the contralateral SS response 
and augmentation of the ipsilateral SS re- 
sponse. 

5. Locally applied strychnine does not in- 
fluence the SS response when both cochleas 
are intact. After destruction of one cochlea, 
local strychninization augments the ipsilateral 
SS response. 

6. The SS response area is coextensive 
with the area in which electr’cal stimulation 
evokes movements of the contralateral pinna 
and conjugate deviation of the eyes to the 
opposite side. It is considered that this is an 
area of sensory-motor overlap ‘subserving a 
cortical reflex for oriented alerting to sound 
localized in space. 
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That part of the cerebral cortex of the 
mammalian temporal lobe lying medial to the 
rhinal suleus and forming the hippocampal 
gyrus can be divided into two portions. The 
anterior or prepyriform zone covers the more 
deeply placed amygdaloid nuclei. This pre- 
pyriform portion of the hippocampal gyrus 
has been shown anatomically and physiolo- 
gically to be primarily concerned in olfactory 
functions (Rose and Woolsey 1943; Le Gros 
Clark and Meyer 1947; Meyer and Allison 
1949; Kaada 1951; Adey 1953). The larger 
posterior portion of the hippocampal gyrus 
was described by Brodmann (1909) as the 
entorhinal area, and by Cajal (1911) as 
‘‘)’écorce temporale postérieure ou supé- 
rieure’’. 

Little is known of the connexions of the 
entorhinal area. Anatomical evidence has 
suggested that it forms a major source of 
afferent fibres to the hippocampus through 
the temporo-ammonie tracts (Cajal 1911; 
Lorente de N6 1934; Adey and Meyer 1952). 
It was suggested by Papez (1937) that these 
econnexions formed part of a reentrant path- 
way concerned with emotional activity and 
running from entorhinal area to hippocampus, 
thence via the fornix to the mammillary bodies 
and so to the anterior thalamic nuclei where 
a further relay would carry the impulses to 
the cingulate gyrus. Activity would ultimate- 
ly return to the entorhinal area via the cin- 
gulum bundles. 


More recently experimental evidence has 
been advanced for the existence of pathways 
proceeding to the hipneecampus and entorhinal 
area in a direction opposite to that suggested 
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in the Papez circuit. Degenerating fibers 
running in a eaudal direction follow tran- 
section of the fornix in the guinea pig (Morin 
1950). No retrograde cell degeneration in 
the hippocampal pyramids follows transection 
of the fornix (Daitz and Powell 1954; Me- 
Lardy 1955a). Stimulation of the fornix is 
followed by discharges in the hippocampus, 
and the available evidence suggests that this 
conduction represents true orthodromic con- 
duction in fornix fibers (Green and Shima- 
moto 1953; Green and Arduini 1954; Liber- 
son and Akert 1955; Green and Adey 1955, 
1956). 

An afferent pathway to the hippocampus 
through the fornix can be activated by stim- 
ulation of many zones in the upper midbrain, 
thalamus and septum, including those regions 
forming part of a ‘‘non-specific’’ cortical 
afferent system (French, Amerongen and 
Magoun 1952). The regular slow-wave dis- 
charge seen in the hippocampus from both 
peripheral sensory stimulation and electrical 
stimuli delivered directly to the central 
regions of the diencephalon suggests that the 
fornix may form a pathway to rhinenceph- 
alice structures :including the hippocampus 
and that these in turn may play a part in 
mechanisms of ‘‘alerting’’ and ‘‘arousal’’. 

Recent electrophysiological and _ histolog- 
ical studies of efferent connexions of the 
entorhinal area (Adey, Segundo and Living- 
ston 1955; Adey, Merrillees and Sunderland 
1956) have indicated an extensive caudally 
directed pathway running from the entorhinal 
area to the dorsal midbrain tegmentum 
through the stria medullaris. Interruption of 
this pathway by removal of the entorhinal 
area in the marsupial phalanger is followed 
by profound alteration in the emotional re- 
sponses to provocation. 
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The evidence thus suggests that the hippo- 
campus may be accessible to afferent paths 
from both the fornix and the entorhinal area. 
We have endeavoured in the present study 
to determine the patterns of integration oc- 
curring in the hippocampus and enthorhinal 
area from stimulation at closely spaced inter- 
vals of two or more points within these 
regions. Latency studies in the stria medul- 
laris and dorsal tegmentum of the midbrain 
have afforded evidence in support of a cau- 
dally directed outflow from the hippocampus 
through the entorhinal area to the central 
regions of the midbrain. 


MATERIAL AND METHODS 


Sixteen specimens of the marsupial pha- 
langer (Trichosurus vulpecula) have been 
used in the present study. In all experiments 
ether anesthesia was discontinued after expo- 
sure of the brain and infiltration of the scalp 
with 2 per cent procaine hydrochloride solu- 
tion; d-tubocurarine in a single‘ dose of 5 mg. 
was administered by the intraperitoneal route. 
The trachea was cannulated in all experiments 
and the parameters of artificial respiration 
were controlled electronically. Particular care 
was taken to avoid hyperventilation. An in- 
terval of at least one hour was allowed in all 
experiments after cessation of ether anesthe- 
sia before the commencement of rhinencephalic 
explorations. 

Stimulating and recording electrodes were 
of identical construction. Concentric elec- 
trodes were used, having an insulated stain- 
less steel barrel (24 SWG) and an insulated 
stainless steel central wire (32 SWG) pro- 
jecting slightly beyond the tip of the barrel. 
Bipolar records were obtained between the 
bared tips of the barrel and the central con- 
ductor. Monopolar records were taken be- 
tween the central conductor and a point on 
the adjacent sealp. 

The recording system used twin ampli- 
fiers, each consisting of a Tektronix type 122 
preamplifier driving a main amplifier, the 
overall frequency response being uniform 
between 1 ¢/sec. and 15 ke/see. In the major- 
ity of experiments bipolar and monopolar 
records from the same point were displayed 
simultaneously on a double-beam cathode-ray 
tube. Square-wave stimuli were obtained 


from a pair of Grass stimulators equipped 
with isolation units. 


Electrodes were inserted stereotaxically 
with the aid of a Lab-tronics stereotaxic in- 
strument. In this animal the entorhinal area is 
so disposed that a considerable portion (about 
7 mm.) of its length can be explored by a ver- 
tically directed electrode. At the conclusion 
of all experiments the brain was removed and 
fixed in 10 per cent formalin in normal saline. 
The disposition of electrode tracks was sub- 
sequently determined from serial Nissl sec- 
tions cut frozen at a thickness of 40 py. 


RESULTS 


1. Records from fornix, hippocampus and 
entorhinal area during stimulation of either 
fornix or entorhinal area. 


In view of the possibility that, in addition 
to the pathways classically described as run- 
ning from entorhinal area to hippocampus 
and thence to fornix, a flow of impulses might 
occur in the opposite direction, initial exper- 
iments were directed to testing the extent and 
reciprocity of these paths. 


(a) Records from hippocampus and fornix 
during stimulation of the entorhinal area. 


Recording electrodes were inserted into 
the dorsal hippocampus in the junctiona! 
region between the layer of hippocampal 
pyramids and the adjoining cap of dentate 
pyramidal cells (the region CA4 of Lorente 
de N6). The electrode in the fornix was 
placed in the fornix commissure about 2 mm. 
from the midline. The electrode in the ento- 
rhinal area was placed in the deeper cortical 
layers at a level corresponding approximately 
to the middle of the vertical extent of this 
strip of cortex. 


Single shocks (7.0 V., 1.0 msec.) applied 
to the entorhinal electrode were always fol- 
lowed by a response in the dorsal hippo- 
campus. These responses were biphasic in 
bipolar records with an initial deflection 
lasting 30 msec. followed by a longer com- 
ponent about 80 msec. in duration and of 
opposite polarity to the initial deflection. 
Repetitive stimulation of the entorhinal area 
(3 per sec., 6.5 V., 1.0 msec.) did not signif- 
icantly modify the hippocampal response. 


in 


while 
ento1 
chan, 
of tl 
of th 
forni 

Si 
msec. 
phasi 


THE ENTORHINAL AREA 


Simultaneous records from the fornix 
failed to reveal a significant response to ento- 
rhinal stimulation (fig. 1-B). Many records 
showed no response at all, and those which 
did showed merely a slow wave of low ampli- 
tude and approximately synchronous with the 
slower component of the hippocampal re- 
sponse. No response was seen in the fornix 
corresponding to the initial component of the 
hippocampal response. 


(b) Records from the hippocampus and ento- 
rhinal area during stimulation of the for- 

In the course of the experiments described 

in (a), stimuli were applied to the fornix 
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entorhinal area, and in both the initial deflec- 
tion in bipolar records showed a more rapid 
early phase than that seen in the hippocampus 
from entorhinal stimulation, lasting only 
about 20 msec. The ensuing slow wave deflec- 
tion of opposite polarity lasted 80-150 msec. 
Rolling film records following single shocks 
to the fornix indicated a complex series of 
slow waves in the hippocampus for several 
seconds after the primary response, but these 
were not as well sustained in the simultaneous 
record from the entorhinal area (fig. 1-C). 

Thus, in summary, stimulation of the for- 
nix was followed in the hippocampus by large 
responses which were also recorded readily 


Fig. 1 

A and B. Tests of reciprocity of conduction between fornix, hippocampus 
and entorhinal area. A, stimulation of fornix (7.5 V., 0.5 msec.) while 
recording in the hippocampus (H) and entorhinal area (E). B, stimula- 
tion of entorhinal area (6.5 V., 1.0 msec.) while recording in the hippo- 
campus (H) and fornix (F). There is only a minimal response in the 
fornix to entorhinal stimulation. C, simultaneous records from hippocampus 
(H) and entorhinal area (E) during stimulation of the fornix (7.0 V., 
0.5 msec.). Rhythmic slow-wave trains appear longer sustained in the 
hippocampus than in the entorhinal area. Bipolar records. 


in the entorhinal area. On the other hand, 
stimulation of the entorhinal area was fol- 
lowed by smaller responses in the hippocam- 


while recording from the hippocampus and 
entorhinal area. It is emphasized that no 
changes were made in the disposition of any 


of the three electrodes between stimulation 
of the entorhinal area and stimulation of the 
fornix in these experiments. 

Single shocks to the fornix (7.5 V., 0.1-0.5 
msec.) were constantly followed by large bi- 
phasic responses in both the hippocampus and 


pus, and rarely by a response in the fornix. 


2. Records from the hippocampus during 
delivery of paired shocks to the fornix and 
entorhinal area. 

It was obvious that, in addition to varying 
interaction patterns at differing shock spac- 
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ings, changes in interaction patterns might be 
expected during progressive penetration of the 
hippocampal formation. It was found that 
examination of 6 to 8 representative shock 
spacings at each hippocampal level while pro- 
gressing in 0.5 mm. steps afforded a fairly 
comprehensive picture of the over-all inter- 
action pattern. 


It should be emphasized that while the 
results presented were those seen constantly 
in all experiments, and may be taken to 
indicate the general pattern of interaction, 
variations were noted in the extent of inter- 
action at a particular point with a particular 
shock spacing. The procedure adopted was to 
stimulate the fornix 300, 200, 120 or 80 msec. 
before applying a test shock to the entorhinal 
area. The procedure was then reversed and 
conditioning shocks applied in the entorhinal 
area 300, 200, 120 or 80 msec. before a test 
shock to the fornix. 


The recording electrode passed through 
the same region of the dorsal hippocampus in 
all experiments. It will be seen from the 
diagram (fig. 2) that the recording tip pene- 
trated successively through the alveus, the 
layer of hippocampal pyramidal cells, the 
fibers of the perforant temporoammonic tract, 
the cells of the dentate gyrus, the terminal 
zone between hippocampal and dentate pyr- 
amids (area CA4 of Lorente de NO), re- 
entered the cells of the dentate gyrus and 
finally emerged on the ventral border of the 
hippocampus to penetrate the thalamus. 


(a) Stimulation of the forma prior to stimula- 
tion of the entorhinal area. 

Under these conditions there was inhibi- 
tion (presumably due to blocking interaction ) 
of the response in the hippocampus to the 
test stimulus applied in the entorhinal area 
(fig. 3). The amount of inhibition varied in 
different parts of the hippocampus and in 
different experiments, but in all experiments 
there was evidence that stimulus spacings 
producing maximal inhibition varied at dif- 
ferent depths in the hippocampus. 

In this respect there was some evidence of 
a dorsoventral temporal gradient through the 
hippocampus, with inhibition occurring dor- 
sally in the vicinity of the hippocampal py- 


ramidal cells at shock spacings of 80 msec., 
and at gradually increasing spacings up to 
300 msee. near the ventral surface of the 


Fig. 2 


Bipolar records from the hippocampus during its 
progressive penetration by the recording electrode. 
Records A to J, and ineluding L, were taken in 0.5 
mm. steps (as depicted in M) during stimulation of 
the fornix (7.0 V., 0.3 msec.). Amplifier gain was 
reduced between records B and C. Record L is from 
the same point as G but at the original amplifier 
gain setting to show the persistence of a_ small 
‘‘presynaptic’’ component noted also in records A 
and B. A portion of a simultaneous monopolar record 
appears in the lower part of L. There is a phase 
reversal of the main deflection of the response be- 
tween G and H in the vicinity of the dentate pyram- 
idal cells. The photomicrograph K shows an electrode 
track with its tip in the region CA4 in which fixed 
hippocampal electrode tips were usually inserted. 
Abbreviations: TH, thalamus; HAB, habenular 
nucleus. All voltage calibrations, 100 yV. 
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hippocampus. With the electrodes used, no 
modification in this gradient could be detect- 
ed as the recording tip traversed the region 
of the dentate pyramids, although in 4 of the 
7 experiments in which the phenomenon was 
tested the amount of inhibition was greater in 
the region of the dentate pyramids than at 
either more superficial levels or nearer the 
ventral border of the hippocampus. This is of 
interest in view of the evidence of a ‘‘turn- 
over’’ in the hippocampal response to fornix 
stimulation in the vicinity of the dentate 
pyramids (vide infra). 


increased by over 100 per cent. At closer 
shock spacings (80-120 msec.) a slight inhibi- 
tion of the test response was also noted. No 
clear temporal gradient in the interaction 
patterns could be discerned at different 
depths in the hippocampus. 

In two experiments a recording electrode 
was inserted into the ventral hippocampus, 
but owing to the absence of a satisfactory 
response to entorhinal stimulation, its inter- 
action patterns could not be studied, although 
it responded strongly to stimulation of the 
fornix. 


200 MS 


Fig. 3 


Interaction patterns in the dorsal hippocampus. 


A, control response to 


fornix stimulation (6.0 V., 0.2 msec.). B, control response to entorhinal 
stimulation (7.0 V., 1.0 msee.). C, Facilitation of test response to fornix 
stimulation (F) by conditioning entorhinal stimulus (E). D, Inhibition 
of test response to entorhinal stimulation (E) by conditioning fornix stim- 


ulus (F). Bipolar records. 


(b) Stimulation of the entorhinal area prior 
to stmulation of the fornix. 


Under converse conditions of stimulation, 
with the stimulus to the entorhinal area pre- 
ceeding that to the fornix, rather different 
interaction patterns were seen in the hippo- 
ecampal responses. Facilitation of the test 
response to fornix stimulation was found at 
all depths through the hippocampal forma- 
tion, but occurred at greater shock spacings 
than in (a) and appeared maximal at spac- 
ings of 150-300 msee. (fig. 3). In some exper- 
iments this facilitation was considerable, both 
amplitude and duration of the response being 


(c) ‘‘Turn-over’’ points in hippocampal re- 
sponses to fornix and entorhinal stim- 
ulation. 

Examination of the hippocampal responses 
during progressive penetration has indicated 
phase reversals which may be significantly 
related to the intrahippocampal course of 
certain fiber paths, or to patterns of polariza- 
tion in sheets of linearly aggregated nerve 
cells. Bipolar and monopolar responses were 
recorded simultaneously, but the _ biggest 
changes were seen in the bipolar record. 

It was found (fig. 2) that during pro- 
gressive penetration of the hippocampus the 
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response to fornix stimulation increased 
rapidly in size over a distance of 1 mm. from 
the dorsal border of the hippocampus. The 
response in the bipolar record at this level 
(in the vicinity of the hippocampal pyr- 
amids) constantly showed an initial small 
rapid mono- or biphasic deflection, followed 
by a large biphasic response lasting about 
50 msec. The first deflection of the large 
biphasic wave lasted 7-10 msec. and the sec- 
ond deflection about 40 msec. The large 
biphasic wave was succeeded by a long slow- 
wave lasting about 80 msec. and having the 
same polarity as the initial deflection of the 
large biphasic wave. 

At depths between 1.5 and 2.0 mm. below 
the dorsal surface of the hippocampus the 
response decreased in size. Nevertheless the 
earliest phase of the response, the small rapid 
mono- or biphasic deflection, remained un- 
altered (fig. 2-L). At a depth of 2.5-3.0 mm. 
below the dorsal border of the hippocampus, 
in the vicinity of the dentate pyramidal cells, 
there was a phase reversal of the second part 
of the large biphasic response, and at the 
same level the long late slow-wave became 
very small. This modified response showed 
no further change up to the point where 
responses ceased at the ventral border of the 
hippocampus, 3.5 mm. below the point of 
initial penetration. 

No comparable ‘‘turnover’’ points were 
seen in the hippocampal responses to stim- 
ulation of the entorhinal area. The hippo- 
campal responses to entorhinal stimulation 
usually showed a greater degree of temporal 
dispersion than after fornix stimulation. 


3. Interrelationships between the _ ento- 
rhinal area and the dorsal and ventral por- 
tions of the hippocampus. 


(a) General pattern of electrophystological 
interrelations. 


Electrodes were inserted into fixed posi- 
tions in the dorsal and ventral portions of the 
hippocampus, while a third electrode was 
moved in 1 mm. steps through the entorhinal 
area (fig. 4-A). In this way it was hoped 
to obtain information concerning possible 
regional projections from the entorhinal area 
to the hippocampus and vice versa at different 


' pick-up from, these structures. 


levels in the entorhinal area, and also to 
study the interaction patterns in the ento- 
rhinal area to dorsal and ventral hippocampal 
stimuli. 

The dorsal hippocampal electrode was in- 
serted into area CA4 between the hippocampal 
and dentate pyramidal cells at level AY of 
the Horsley-Clarke coordinates. The ventral 
hippocampal electrode was inserted into the 
same position relative to the hippocampal and 
dentate pyramids (fig. 4-B). It was considered 
that these electrode sites were sufficiently 
remote from alvear fibers on the hippocampal 
surface to obviate direct stimulation of, or 
From the 
many hundreds of evoked potential records 
certain general patterns in the projection 
paths were common to all experiments. 

Stimulation of the dorsal hippocampus 
was uniformly followed by large responses 
at all depths in the entorhinal area. The 
responses remained relatively constant in 


Fig. 4 
Diagrammatic arrangement of the disposition of re- 
cording electrodes in dorsal hippocampus, ventral 
hippocampus and entorhinal area. Abbreviations: AM, 
amygdala; D.H., dorsal hippocampal electrode; E.A., 
entorhinal electrode; HIPP, hippocampus; V.H., ven- 
tral hippocampal electrode. 
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form from the junctional region between 
cingulate and entorhinal cortical areas dor- 
sally to the junction of entorhinal and peri- 
amygdaloid cortex ventrally, a distance of 
about 8 mm. Typically there was an early 
biphasic response in which the initial deflec- 
tion lasted 25-35 msec. and was followed by 
a slower component lasting two or three times 
as long. In many positions of the entorhinal 
electrode a small wave or notch preceded the 
main deflection of the initial biphasic response, 
and had many of the characters of a pre- 
synaptic spike. Under conditions of repetitive 


ER — 


determined, there was no significant latency 
gradient in the appearance of responses in 
the entorhinal area to dorsal hippocampal 
stimulation, responses at all depths having a 
latency of 7-10 msec. 

In contrast to the large projections from 
the dorsal hippocampus to the entorhinal 
area, responses at each level in the entorhinal 
area to ventral hippocampal stimulation were 
usually smaller than those induced by dorsal 
hippocampal stimulation. Moreover, it was 
not always possible to record a response to 
ventral hippocampal stimulation in the dorsal 


ae 


Fig. 5 

Entorhinal responses to repetitive hippocampal stimulation. In A and B, 
upper trace is monopolar, lower trace is bipolar record. A, stimulation of 
dorsal hippocampus (7.0 V., 0.1 msec., 3 per sec.) with marked recruitment 
in responses at ventral end of entorhinal area. B, stimulation of the ventral 
hippocampus (9.0 V., 0.4 msec., 3 per sec.) without comparable recruitment 
of responses noted in A. C, stimulation of the ventral hippocampus (10.0 
V., 0.5 msec., 10 per see.) showing shortening of latency of entorhinal 
responses with consecutive stimuli. Bipolar record. 


stimulation (3 per sec., 7 V., 0.1 msec.) the 
entorhinal response to dorsal hippocampal 
stimulation showed great recruitment, with 
differential facilitation of the various por- 
tions of the response (fig. 5-A). This recruit- 
ment could be elicited without difficulty even 
at the lower end of the entorhinal area. 
Latency measurements in rhinencephalic 
structures in curarized preparations tend to 
be difficult, with response inflections con- 
cealed in a relatively high background of 
spontaneous activity. As far as could be 


parts of the entorhinal area. The results sug- 
gest more extensive connexions of the ventral 
hippocampus with the ventral portions of the 
entorhinal area, but even in the ventral part 
of the entorhinal area the responses were 
usually smaller than those from dorsal hippo- 
campal stimulation. By contrast to stimula- 
tion of the dorsal hippocampus, recruitment of 
the entorhinal response to ventral hippo- 
campal stimulation was much less pronounced 
(fig. 5-B). lLatencies of the responses to 
ventral hippocampal stimulation were between 
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7-15 msec. and showed no significant differ- 
ences in various parts of the entorhinal area. 
There was evidence of shortening latency dur- 
ing repetitive stimulation to considerably less 
than 10 msec. (fig. 5-C). 

Stimulation of the entorhinal area during 
the progressive descent of an_ electrode 
through it also suggested some interesting dif- 
ferences in the extent of projections to dorsal 
and ventral regions of the hippocampus. Large 
responses were recorded in the dorsal hippo- 
campus from stimulation of the entorhinal 
area at all levels down to the junctional region 
with periamygdaloid cortex, where they be- 
came abruptly smaller. Responses in the 
ventral hippocampus to stimulation of the 
entorhinal area were smaller than those in 
the dorsal hippocampus and less often fol- 
lowed by slow-wave complexes. They were not 
significantly augmented as the stimulating 
electrode approached the ventral zones of the 
entorhinal area. 

It is of particular interest that large reci- 
procally conducting pathways were present 
between dorsal and ventral areas of the hippo- 
campus, and between the ventral part of the 
entorhinal area and the dorsal hippocampus. 
Yet connexions in either direction between 
the ventral part of the entorhinal area and 
the adjacent ventral hippocampus appeared 
less significant, suggesting that the ventral 
entorhinal area and the ventral hippocampus 
may be independently connected with the 
dorsal hippocampus (fig. 9). 


(b) Interaction patterns in the entorhinal 
area to spaced single shocks in the dorsal 
and ventral regions of the hippocampus. 

A recording electrode was moved progres- 

sively through the entorhinal area in 1 mm. 
steps. At each level single conditioning shocks 
were applied 200 msec. before single test 
shocks to the ventral hippocampus. A further 
series of responses was recorded with the 
shock spacing reduced to 100 msec. The pro- 
cedure was then reversed and conditioning 
stimuli applied to the ventral hippocampus 
either 200 or 100 msec. before a single test 
stimulus to the dorsal hippocampus. In both 
arrangements the effects were also tested of 
repetitive administration at 3 per sec. of 
paired shocks spaced 100 msec. 


A conditioning stimulus in the dorsal 
hippocampus was found to powerfully inhibit 
the test response to ventral hippocampal stim- 
ulation at all depths of the entorhinal area, 
and at both 200 and 100 msec. shock spacing. 
This blocking interaction was also clearly 
observed during repetitive stimulation (fig. 
6). 


Interaction patterns following a condition- 
ing stimulus in the ventral hippocampus and 


Fig. 6 

Interaction patterns in the entorhinal area to hippo- 
campal stimulation. In records A to D, upper trace 
is bipolar, lower trace is monopolar record. In E 
and F, upper trace is monopolar, lower is bipolar 
record. A, control response to dorsal hippocampal 
stimulation (7.0 V., 0.6 msee.). B, control response 
to ventral hippocampal stimulation (15.0 V., 0.6 
msee.). C, facilitation of test response to dorsal 
hippocampal stimulation (D) by conditioning stimulus 
to ventral hippocampus (V). D, inhibition of test 
response to ventral hippocampal stimulation (V) by 
eonditioning stimulus to the dorsal hippocampus (D). 
E, inhibition of the entorhinal test response to ventral 
hippocampal stimulation (V) by a conditioning dorsal 
hippocampal stimulus (D) 100 msee. before the test 
stimulus, during repetitive stimulation at 3 per see. 
F, gradual recovery of the response to ventral hippo- 
campal stimulation (V) at the end of the conditioning 
period. E and F are contiguous portions of the same 
record. 
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a test stimulus in the dorsal hippocampus were 
more complex. At 200 msec. shock spacing, 
facilitation of the test response in the ento- 
rhinal area was frequently seen, but at some 


ts. 200 MS 


red. This inhibition was accentuated during 

repetitive stimulation at 3 per sec. with 100 

msec. spacing between the paired shocks. 
Thus, in summary, the results suggest sig- 


Fig. 7 
Bipolar responses from cingulate cortex and stria medullaris to stimula- 
tion of the ipsilateral entorhinal area. Disposition of the recording electrode 
track is shown in photomicrograph H and diagram M. Tip of stimulating 
electrode in entorhinal area is shown in photomicrograph I. Records A to G 
and including J were taken at the points with the same letters in M. 
Record J is of the same response as C but taken at the reduced amplifier 
gain used in records D to G. Lower trace in C is simultaneous monopolar 
record. The response peaks sharply in the vicinity of the stria medullaris. 
Bipolar responses in the contralateral stria medullaris to stimulation of 
the entorhinal area (K) and hippocampus (L), with shorter latency from 


entorhinal stimulation. Abbreviations: 


levels in the entorhinal area no changes in the 
test response were seen at 200 msec. shock 
spacing. At 100 msec. stimulus spacing slight 
inhibition of the test response usually occur- 


S.M. stria medullaris; TH, thalamus. 


nificant regional differences in the patterns 
of connexions between the entorhinal area and 
different parts of the hippocampus. The evi- 
dence from interaction studies suggests that 
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an influx from the dorsal hippocampus (and 
thus presumably in part at least from the 
fornix) can exercise a controlling influence 
over activity in the whole length of the ento- 
rhinal area. Ventral regions of the hippo- 
eampus do not appear similarly potent in this 
respect. The evidence confirms, however, the 
presence of large connexions between ventral 
and dorsal regions of the hippocampus, and 
through these the ventral hippocampus may 
exert its influence on patterns of intrahippo- 
campal integration. 


4. Efferent projections from hippocampus 
and entorhinal area to the midbrain tegmen- 
tum through the stria medullaris. 


In view of the evidence from experiment- 
al histological studies presented elsewhere 
(Adey, Merrillees and Sunderland 1956) that 


(a) Responses recorded in the stria medul- 
laris. 

As the recording electrode penetrated the 
overlying cingulate cortex, small responses 
were evoked by both entorhinal and hippo- 
campal stimulation. There was a sudden 
marked increase in both amplitude and com- 
plexity of the responses as the electrode pene- 
trated the stria medullaris, with the appear- 
ance of a large slow-wave following the prim- 
ary deflection. There was a rapid decrement 
in the responses as the recording electrode 
penetrated into the subjacent thalamus, and 
responses ceased about 2 mm. deep to the 


'stria medullaris (fig. 7 A-G). 


It is of particular interest that the laten- 
cies of the responses in the stria to ipsilateral 
stimulation were significantly longer from 
stimulation of the hippocampus than from the 
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Fig. 8 
Responses from ipsilateral dorsal midbrain tegmentum to stimulation of 
hippocampus and entorhinal area. A, recording electrode track indicated 
by arrow passing through the tegmentum adjoining the periventricular grey 
matter. B, responses to entorhinal stimulation (1.7 V., 0.5 msec., 3 per sec.) 


showing absence of recruitment. 


Upper trace, monopolar record, lower 


trace bipolar record. C, responses from same point as B during repetitive 
stimulation (4.5 V., 0.2 msec., 3 per sec.) of the hippocampus, showing 
recruitment of response. Bipolar record. 


the entorhinal area in the marsupial phalan- 
ger projects extensively to the dorsal mid- 
brain tegmentum through the stria medul- 
laris, it was decided to seek physiological 
evidence of the extent of these connexions. 
The physical proximity of the overlying fornix 
bundles to the stria medullaris in such animals 
as the cat is fortunately obviated in the pha- 
langer brain, where they are separated by 
4-5 mm. (fig. 7-M). The exploring electrode 
was arranged to penetrate the stria medullaris 
vertically 2 mm. anterior to the habenular 
nuclei. 


a 


entorhinal area, being about 5 msec. from 
the entorhinal area and 12-16 msec. from the 
hippocampus. Similar maxima in the re- 
sponses to hippocampal and entorhinal stim- 
ulation were seen in the contralateral stria 
medullaris, with longer latencies than in the 
ipsilateral stria, measuring 8-10 msec. from 
the entorhinal area and 20-25 msec. from the 
hippocampus (fig. 7 K, L). 


(b) Responses recorded in the mesencephalon. 
The midbrain was explored at the inter- 
eollicular level with recording electrodes tra- 
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versing the tissues immediately lateral to the 
periventricular gray matter, since our pre- 
vious histological studies had suggested that 
fibers from the entorhinal area terminated in 
this region. 

Responses were recorded in the tectum 
and adjoining the periventricular gray matter. 
The ventral limit of the responsive zone ap- 
peared to he 2 mm. ventral to the aqueduct. 
Here bipolar responses ceased, although 
small responses, presumably volume-conduct- 
ed, could still be recorded in monopolar leads. 
Patterns of latency difference noted in the 
stria medullaris were preserved in the mid- 
brain, with responses to ipsilateral entorhinal 
and hippocampal stimulation appearing at 
5-7 msec. and 16-20 msee. respectively. 

Certain interesting differences were noted 
between the midbrain responses to entorhinal 
and hippocampal stimulation. The responses 
to entorhinal stimulation were of shorter dura- 
tion, smaller and more spike-like than those 
from hippocampal stimulation. Moreover, 
during repetitive stimulation of the entorhinal 
area the responses followed at rates up to 
10 per see. without evidence of recruitment 
or fatigue, whereas there was significant re- 
cruitment of the responses to repetitive hip- 
pocampal stimulation, suggesting a mono- 
synaptic pathway from the entorhinal area in 
contrast to the projections from the hippo- 
campus (fig 8.). A more extensive explora- 
tion of the overall extent of these rhinen- 
cephalic projections to the brainstem is in pro- 
gress and will be reported elsewhere. 


DISCUSSION 
1. Pattern of intrahippocampal integration. 


There are certain major difficulties in the 
application of the electrophysiological method 
to a study of this nature. It is obvious that 
within such an organ as the hippocampus, 
particularly over such short conduction dis- 
tanees, the evoked potentials may merely re- 
sult from antidromie conduction. To preclude 
as far as possible fallacious interpretations in 
such restricted systems, evidence may be 
sought of transneuronal conduction to a re- 
mote site, having regard to the latency shifts 
which are thus necessarily involved. Ortho- 
dromiec pathways involving more than one 
Synapse may be examined for facilitation of 


the response under conditions of repetitive 
stimulation, and may be vulnerable to the 
phenomenon of blocking interaction (‘‘inhi- 
bition’’) when the synapses involved are sub- 
jected to afferent volleys from different sour- 
ces at short intervals. These techniques have 
been extensively employed in this and other 
recent studies of rhinencephalic mechanisms, 
and while it may be claimed that in this way 
distinctions may be made between ortho- and 
antidromic conduction, some doubts must al- 
ways remain in the absence of anatomical 
confirmation. | 

Nevertheless, the results of the present 
study draw attention to certain surprising 
differences between the observed physiological 
pathways and those suggested in the Papez 
(1937) ‘‘eireuit’’. Thus although entorhinal 
stimulation was regularly followed by re- 
sponses in the hippocampus, entorhinal stimu- 
lation was followed by only small and irreg- 
ular responses in the fornix. On the other 
hand, stimulation of the fornix was reg- 
ularly followed by responses in both hippo- 
campus and entorhinal area. These results 
suggest transsynaptie conduction from for- 
nix to entorhinal area, and thus confirm much 
recent work in support of the hypothesis that 
impulses from fornix stimulation entering the 
hippocampus are not merely the result of an- 
tidromie conduction in pyramidal cell axons 
nor the result of activation of axon collaterals 
of the pyramidal cells. 

The evidence in support of this hypo- 
thesis may be briefly reviewed. Experimental 
anatomical studies by Gerebtzoff (1941-42), 
Morin (1950) and Sprague and Meyer (1950) 
suggest the presence of caudally directed fi- 
bers in the fornix. Some of these fibers may 
be part of a septofugal system arising in the 
medial septal nucleus (MeLardy 1955b). 
Johnston (1923) noted a possible connexion 
from the stria medullaris to the hippocampus 
via the fornix. No retrograde degeneration in 
the hippocampal pyramidal cells has been seen 
after section of the fornix (Daitz and Powell 
1954; MeLardy 1955a). 

From electrophysiological studies, Green 
and Arduini (1954) envisaged a pathway 
from the midbrain tegmentum, through the 
lateral hypothalamus, septum, precommissural 
and dorsal fornices conveying afferent activ- 
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ity to the hippocampus. Green and Arduini 
abolished the synchronous hippocampal dis- 
charge to ‘‘alerting’’ stimuli by lesions in 
the dorsal fornix or in the precommissural 
fornix, but not by destruction of the mam- 
millary body. Green and Adey (1955) noted 
that responses evoked in the hippocampus by 
stimulation of the fornix had characteristics 
strongly suggesting that a presynaptic poten- 
tial was followed by a synaptic or cellular re- 
sponse. They also noted that delayed wave 
complexes followed the primary response. 
Section of the alveus did not abolish the hip- 
pocampal response caudal to the section in 
these experiments, and examination of the 
‘‘turnover’’ points in the response likewise 
suggested that afferent fibers from the fornix 
may run deeply within the hippocampus. It 
was tentatively postulated that an afferent 
pathway might run from the fimbria to relay 
on the dentate pyramids, then along the axons 
of the dentate pyramids to reach the pyra- 
midal cell layer of the hippocampus. Green 
and Machne (1955) have observed conver- 
gence in the region of the dentate pyramids 
in single unit responses to a variety of peri- 
pheral sensory stimuli. After a second relay 
the pathway would enter the fornix once 
again. These experiments appeared to pre- 
elude antidromic conduction and activation 
of collaterals in the stratum oriens as a source 
of synaptic potentials. These intrahippocam- 
pal pathways may be responsible for travelling 
slow-waves of the type reported recently by 
Liberson (1955) and which may play a signi- 
ficant part in patterns of intrahippocampal 
integration. 

The ‘‘turnover’’ in the hippocampal re- 
sponse to fornix stimulation seen in the vici- 
nity of the dentate pyramids in the present 
study further supports the possibility of a 
relay in an afferent pathway in this region. 
Adey, Merrillees and Sunderland (1956) have 
noted that complete removal of the entorhinal 
area does not abolish the slow-wave hippo- 
campal response to an alerting stimulus. 

While it is thus possible to present a strong 
ease in support of an afferent inflow into the 
hippocampus through the fornix, these results 
are not to be construed as excluding afferent 
paths from the entorhinal area in accordance 
with classical concepts. Indeed, the results 


of the present study support such an arrange- 
ment, but suggest that an inflow from the en- 
torhinal area may be considered as capable of 
some modification of the general level of 
activity in the hippocampus, rather than as 
providing information which is passed direct- 
ly with little modification to the fornix system. 

Our results clearly suggest that there may 
be important regional differences in the ex- 
tent of projections from the entorhinal area 
to the hippocampus, with bigger projections 
to more dorsal parts of the hippocampus than 
ventrally. Such dorsal projections might be 
capable of modifying the hippocampal re- 
sponses to afferent data arriving via the for- 
nix soon after the entry of these fibres into 
the deeper layers of the dorsal hippocampus. 
Our results have shown complex interaction 
patterns in this part of the hippocampus which 
seem intimately related to the temporal 
spacing between the stimuli to the fornix and 
entorhinal area. Since, however, a condition- 
ing stimulus to the fornix uniformly inhibited 
the hippocampal test response to entorhinal 
stimulation, the results cannot be interpreted 
as indicating that the entorhinal area exer- 
cises an overriding control on the general level 
of hippocampal activity, although there was 
evidence that a conditioning entorhinal stim- 
ulus was capable of facilitating the ensuing 
hippocampal response to fornix stimulation. 

The comparatively slow time course of 
the hippocampal interaction patterns raises 
certain problems. In our experiments it ap- 
peared that potentiation and inhibition could 
be elicited in appropriate circumstances at in- 
tervals of 80-300 msec. between the condition- 
ing and test stimuli. This would imply the 
presence of continuing states of elevated or 
depressed excitability for considerable periods 
following single shock stimulation. Similarly 
prolonged potentiation lasting 200-300 msec. 
was seen in the eat following single stimuli 
to the fornix (Green and Adey 1955) and as 
noted by Liberson (1945) the number of pulses 
applied seemed more important than the dura- 
tion of repetitive stimulation. Thus Green 
and Adey found that 9 shocks at 10 per sec. 
would potentiate for 2 sec. and 26 shocks at 
10 per see. for 8 see. Prolonged bursts would 
sometimes potentiate for several minutes, but 
there was also evidence of a refractory period 
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following each stimulus during repetitive stim- 
ulation. 

The recent careful studies of Cragg and 
Hamlyn (1955) have indicated very precisely 
that the time course of excitation in the hip- 
pocampal pyramidal cells under Nembutal 
anesthesia is too rapid to explain the long 
lasting interaction patterns which we have 
observed. It may be that the anesthetic agent 
used by Cragg and Hamlyn has specifically 
affected the excitability of individual pyra- 
midal cells, or more likely, that the long 
duration of the interaction patterns which we 
have observed depend on the integrity of slow 
potential changes in dendritie fields which 
may be particularly susceptible to barbiturate 
anesthesia. At all events the presence of per- 
sisting changes in hippocampal excitability 
for 200-300 msec. after single stimuli is com- 
patible with the regular rhythmic waves evok- 
ed in it at 2-5 per see. during alerting or 
arousal by somatic, auditory or visual stimuli 
(Gerard, Marshall and Saul 1936; Jung and 
Kornmiller 1939; Maclean, Horwitz and Ro- 
binson 1952; Liberson and Cadilhae 1953; 
Green and Arduini 1954; Green and Adey 
1955; Adey, Merritlees and Sunderland 1956). 
There is an obvious resemblance between these 
slow hippocampal rhythms and the _ theta 
rhythms seen clinically in children and emo- 
tionally disturbed adults. 


2. Hippocampal projections to the entorhinal 
area. 


In addition to a conduction from fornix 
to hippocampus, our findings suggest further 
projections from hippocampus to entorhinal 
area in the reverse direction to the cireuit sug- 
gested by Papez (1937). Stimulation of the 
dorsal hippocampus was followed by a re- 
cruiting response even at the lower limit of 
the entorhinal area. It may be suggested 
that, although the position of the hippocampal 
electrode in the zone CA4 made direct exci- 
tation of alvear fibers unlikely, this reeruit- 
ment was due to gradually spreading excita- 
tion within the hippocampus from activity in 
axon collaterals. However, no comparable re- 
cruitment could be elicited from stimulation 
of ventral regions of the hippocampus. This is 
of interest since dorsal and ventral regions of 
the hippocampus appeared reciprocally inter- 


connected by major pathways. Connexions in 
either direction between the ventral hippo- 
campus and entorhinal area seemed less exten- 
sive than those between dorsal hippocampus 
and entorhinal area. 

The anatomical pathways from _ hippo- 
campus to entorhinal area remain obscure, but 
Cajal (1911) pointed out that at least some 
hippocampal neurons pass to the subiculum, 
adjoining the entorhinal area, and that a fur- 
ther projection tract might arise in the subi- 
culum running to an undetermined destina- 
tion. Green and Shimamoto (1953) suggested 
that spread of seizure activity from the hip- 
pocampus to other cortical areas occurred 
through basal temporal cortex. 


3. Projections from hippocampus and en- 
torhinal area to midbrain tegmentum run- 
ning in the stria medullaris. 


Due to its configuration, the marsupial 
phalanger brain affords an excellent oppor- 
tunity to study the role of the stria medullaris 
as an efferent pathway from the entorhinal 
area, since the stria is well removed from both 
hippocampus and fornix. It was found to re- 
spond to both ipsilateral and contralateral 
stimulation of the entorhinal area. 

It is of particular interest that the re- 
sponses recorded in the stria had significantly 
longer latencies from hippocampal than from 
entorhinal stimulation, and that the latency 
difference was of the same order (10 msec.) 
as the latency of entorhinal responses to hip- 
pocampal stimulation, thus supporting the 
concept that impulses from the hippocampus 
pass via the entorhinal area to the stria me- 
dullaris. Moreover, the sharp, spike-like 
strial responses to entorhinal stimulation were 
distinetly different from the longer lasting re- 
sponses to hippocampal stimulation. The 
former conformed in many respects to the cri- 
teria of a monosynaptic pathway, while the 
characters of the latter suggested in their 
temporal dispersion and recruitment a degree 
of neuronal divergence between the hippo- 
campus and entorhinal area. 

Although the responses in the midbrain 
tegmentum to entorhinal and hippocampal 
stimulation were sought only at the inter- 
eollicular level, it appeared that they were 
essentially restricted to the dorsal region ad- 
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joining the periventricular gray matter. Ter- 
minal degeneration of fibers running in the 
stria medullaris was seen in this region fol- 
lowing entorhinal ablation in the marsupial 
phalanger (Adey, Merrillees and Sunderland 
1956). Stimulation of the entorhinal area 
produces a prolonged inhibition of upward 
conduction in certain central tegmental brain- 
stem pathways which traverse the mesenceph- 
alon to the region of the centrum medianum 


The findings presented here and elsewhere 
(Adey, Merrillees and Sunderland 1956) are 
thus in agreement with the concept that the 
hippocampus and entorhinal area may form 
part of a reentrant pathway, receiving cau- 
dally directed activity via the fornix from 
the ‘‘reticular’’ thalamic nuclei and the 
septum, and with activity passing from 
the entorhinal area to the midbrain teg- 
mentum in the stria medullaris (fig. 9). 
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Fig. 9 
A diagrammatic representation of suggested caudally directed pathways 
from the fornix running through the hippocampus to the entorhinal area, 
thence bilaterally in the stria medullaris to the midbrain tegmentum. 
Abbreviations: DENT. PYR., layer of dentate pyramidal cells; DORSAL 
HIPP., dorsal hippocampus; ENT. AREA, entorhinal area; HIPP. PYR., 
hippocampal pyramidal cell layer; M.B., transverse section through mid- 


brain; S.M., stria medullaris; SUB., subiculum. 


(Adey, Segundo and Livingston 1955). More- 
over, the entorhinal area exerts a more power- 
ful influence in this respect than any other 
cortical area examined in the monkey. Gloor 
(1955 a and b) observed short lateney re- 
sponses from amygdaloid stimulation in the 
same region of the midbrain tegmentum as 
those in which fibers from the entorhinal area 
appear to terminate in our experiments. Gloor 
points out that these responses appear with 
a much shorter latency than those recorded in 
the immediately rostral regions of the poste- 
rior hypothalamus. Our results suggest that 
these short latency responses from the amyg- 
dala may also pass caudally in the contribu- 
tions which the stria medullaris receives from 
the stria terminalis (Johnston 1923). 


The central tegmental areas of the midbrain, 
the reticular thalamic, hypothalamic and sep- 
tal areas of the diencephalon are themselves 
activated by a wide variety of sensory stimuli 
and form part of a ‘‘nonspecific’’ cortical ae- 
tivating system (ascending reticular system). 
The caudally directed activity from the en- 
torhinal area may reenter this activating sys- 
tem at the midbrain level, where it may 
initiate further modification in the upward 
stream of neural activity. 
SUMMARY 

1. Electrophysiological investigations have 
been performed in the rhinencephalon of 16 
specimens of the marsupial phalanger (7'7r- 
chosurus vulpecula). 


THE ENTORHINAL AREA 


2. The reciprocity of pathways between 
entorhinal area, hippocampus and fornix was 
tested. It was found that whereas stimulation 
of the fornix was followed by responses in both 
the hippocampus and entorhinal area, stim- 
ulation of the entorhinal area evoked responses 
in the hippocampus, but only small irregular 
responses in the fornix. The findings on en- 
torhinal stimulation thus throw some doubt 
on the classical concepts of Papez (1937) of 
major projections from entorhinal area to 
fornix through the hippocampal formation. 

3. Interaction patterns were studied in the 
hippocampal responses following paired stim- 
uli to fornix and entorhinal area. It was 
found that a conditioning stimulus to the 
fornix inhibited the test response to en- 
torhinal stimulation. Conversely, a condition- 
ing stimulus to the entorhinal area was fol- 
lowed by facilitation of the test response to 
fornix stimulation at many shock spacings. 
A ‘‘turnover’’ point in the hippocampal re- 
sponse to fornix stimulation was seen in the 
vicinity of the dentate pyramidal cells dur- 
ing progressive penetration of the hippo- 
ecampal formation. 

4. Interaction patterns were studied in the 
entorhinal area to paired shocks to widely 
separated points in the dorsal and ventral 
regions of the hippocampus. Significant dif- 
ferences were found in the extent of pro- 
jections between these two parts of the hip- 
pocampus and the entorhinal area. Stimu- 
lation of the dorsal hippocampus was followed 
by large recruiting responses in the whole 
length of the entorhinal area. Stimulation of 
the ventral hippocampus was followed by en- 
torhinal responses with much less evidence 
of recruitment. Stimulation of the entorhinal 
area was followed by smaller responses in 
the ventral hippocampus than in the dorsal, 
with fewer slow-wave trains in the ventral 
hippocampal responses. 

5. Interaction studies suggest that an in- 
flux from the dorsal hippocampus can exer- 
cise a powerful influence over activity in the 
whole length of the entorhinal area. Although 
ventral areas of hippocampus do not appear 
similarly potent, the evidence suggests the 
presence of large projections between ventral 
and dorsal regions of the hippocampus 
through which the ventral hippocampus may 
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exert its influence on patterns of intra- 


hippocampal integration. 

6. Efferent projections from the entorhinal 
area to the midbrain tegmentum have been 
examined. Our findings confirm previous his- 
tological studies (Adey, Merrillees and Sun- 
derland 1956) that a bilateral efferent path- 
way exists through the stria medullaris from 
the entorhinal area. Responses in it from 
entorhinal stimulation have many of the char- 
racteristics of a monosynaptic pathway, and 
exhibit a significantly shorter latency than 
those induced in the stria from hippocampal 
stimulation. The latency differences are com- 
patible with the coneept of a hippocampal 
projection to the stria medullaris through the 
entorhinal area. Responses in the midbrain 
at the intercollicular level were localised to 
the dorsal tegmentum in a region adjoining 
the periventricular gray matter where our 
previous histological studies had suggested 
that fibers from the entorhinal area might 
terminate. 


It is indeed 2 pleasure to acknowledge the con- 
tinued enthusiastic and unfailing technical assistance 
of Mr. G. Edsall and Mr. I. Hine in electronic and 
histological matters respectively. Without their sup- 
port much of this study would yet remain to be done. 
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One approach to the chemotherapy of malignant 
diseases has been the synthesis and therapeutic trial 
of analogs of derivatives of the nucleotides. Among 
these compounds is 1,2,4-Triazine-3,5 (2H,4H)-dione, 
6-Azauracil (fig. 1), an analog of uracil. This 


6-AZAURACIL 


Fig. 1 
Formula of 6-Azauracil. 


substance was first synthesized by Seibert in 1947, 
but he does not appear to have studied its pharma- 
ecologic properties. It has since been synthesized by 
a different method (Barlow and Welch 1956) and 
has been studied extensively by Welch and associates. 


6-Azauracil is a competitive antagonist of uracil 
in certain bacterial strains (Handschumacher and 
Welsh 1956; Sorm and Skoda 1956; Skoda and 
Sorm 1956). Moderate antitumor activity has been 
demonstrated against three lymphomas (L1210, L4969, 
1.5178) and sarcoma 180 in mice (Hakala, Law and 
Welch 1956) and against Ehrlich’s ascites carcinoma 
in mice (Sorm and Slechta 1956). 


1 Paper read at the Annual meeting of the Eastern Asso- 
ciation of Electroencephalographers in New York, December 5, 
1956, 


The first clinical trials with this drug were begun 
at Yale by Welch, Clement and Finch. In a single 
patient signs of central nervous system toxicity 
developed, associated with EEG abnormalities. Ac- 
cordingly, it was felt important to attempt a study of 
acute and chronic toxicity of 6-Azauracil in a larger 
number of patients, and this program was undertaken 
at the National Institutes of Health. 


This paper deals primarily with the effects pro- 
duced by the drug upon the electroencephalogram. A 
parallel study on the general toxicity of 6-Azauracil 
is in the course of publication (Shnider, Frei and 
Tuohy). 


MATERIAL AND METHODS 


This report is based upon electroencephalographie 
and neurological observations made on a group of 
19-patients (17 patients of the National Cancer In- 
stitute and 2 patients of the National Institute of 
Neurological Diseases and Blindness). These patients 
were given 6-Azauracil in varying dosages. 

These 19 patients include 10 adults, varying in 
age from 16 to 64-years, and 9 children, varying in 
age from 3 to 12 years. Of the adults, 6 were victims 
of leukemia; 3, of other forms of cancer; and one, 
a ease of severe unlocalized seizures. Of the 9 
children, 8 had acute leukemia and one had a severe 
seizure disorder (centrencephalic) with mental and 
physical retardation. 


The group includes 11 males and 8 females, in 
approximately the same ratio in both childhood and 
adult groups. 

The 19 patients discussed were given 6-Azauracil 
in varying dosages and for varying periods of time, 
depending in part upon their general clinical condi- 
tion due to the primary disease and in part upon the 
response to the medication. In general, the patient 
was begun on a relatively lov, dosage of the drug, i.e., 
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from 4.5 to 9.0 mg/kg. daily in divided doses, and the 
drug was continued with periodic increments until 
toxic manifestations necessitated its discontinuance. 
The severity of the systemic disease sometimes 
limited the period during which the drug could be 
administered. 

All patients were 
encephalographically and neurologically 
period of administration of the drug. At least one, 
and frequently more, baseline electroencephalogram 
were obtained on each patient prior to the institution 
of 6-Azauracil therapy. During the period of ad- 
ministration of the medication and immediately there- 


followed closely  electro- 


during the 
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after, frequent EEGs were obtained, at least one 
weekly and often as many as 4 to 5 weekly. During 
this time the patients were likewise followed carefully 
for any neurological changes. 


RESULTS 


Electroencephalographic changes: 

Therapy was continued to a degree sufficient to 
eause EEG changes in all of the patients except two 
(one adult who was given the medication for only 
6 days; one child with mental retardation and 
seizures). The changes induced by 6-Azauracil may 
be described as follows: 
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Serial electrographic study in one patient (C.B. male, 32 yr. old). 
In this and in the following 


serial number of each record. 
mg/kg/day. 


The figures in parenthesis refer to the 


illustrations, dosage of 6-Azauracil is in 


In (15) the patient is disoriented in time and unable to calculate. 


In (16) and (17) the patient is alert. 


Fig. 3 


Patient F. B. (male, 12 yr. old). 


The record on top is a baseline study before administration of the drug. 
The record in the middle is taken while the patient is receiving 27 mg/kg/day of 6-Azauracil. 


The patient is alert. 


The bottom record was taken 3 days after withdrawal of the drug. 
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(a) abolition of the fast rhythms; 
(b) disorganization of the background activity 
with moderate amplitude, irregular slowing; 
(c) depression or disappearance of the response 
to photie stimulation; 
(d) appearance of high amplitude delta rhythm. 
These changes were not necessarily all present in 
each patient nor were they present to a uniform 
degree. 
In each patient whose EEG exhibited a well de- 
veloped beta activity over the fronto-central regions, 


uw .% 


6-Azauracil 


4.3 mge/Eg/day - 7 days alert 


graphic change following the administration of 6- 
Azauracil. 

Almost all of the patients showing a positive 
response to photic stimulation under normal conditions 
would show an impairment in this reaction with either 
depression or total abolition of the occipital evoked 
potentials when the test was repeated after variable 
intervals from the beginning of 6-Azauracil ad- 
ministration (fig. 3). 

By far the most prominent and severe electro- 
graphie manifestation of 6-Azauracil toxicity, was the 
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Fig. 4 
Patient D. U. (male, 6 yr. old). 


this fast activity would disappear with the administra- 
tion of the drug: this disappearance was usually the 
earliest sign and would take place sometime before 
the alpha rhythm was affected. When the fast 


activity was present diffusely, a similar effect could 
be observed, the disappearance occurring first over 
the anterior head regions (fig. 2). 

The slowing and disorganization of the back- 
ground rhythms was rather striking in every in- 
stance and this too was, as a rule, an early electro- 


appearance of high amplitude slow waves (fig. 2 to 
6). These appeared initially as sporadie delta waves 
(fig. 5), but as the administration went on, they 
became almost continuous in many instances. They 
appeared diffusely over the two hemispheres, most 
prominent anteriorly, usually bilaterally synchronous 
and symmetrical, but sometimes with shifting asym- 
metries. Most of the time they were regular and 
rhythmical at 2 to 2.5/see. They have been especially 
marked in children. 
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When this delta activity is present, the effects of 
opening and closing of the eyes and of arousal 
stimuli in general are rather variable from ease to 
ease. In the same patient, the response varies from 
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(acoustic or painful stimuli); at times a paradoxical 
reaction is present (fig. 4) with reappearance of an 
alpha-like rhythm which was absent when the eyes 
were closed. Usually, however, the various procedures 
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Fig. 5 


Same patient of figure 3. 
A. Baseline. 


. The patient has received 9 mg/kg/day for 7 days, 18 mg/kg/day for 7 days and 27 mg/kg/day for one day. 


No neurological or psychiatric changes. 


unresponsive. 


B 
C. After 27 mg/kg/day for 8 days and 36 mg/kg/day for 5 days. 
D 


. The administration of the drug has been interrupted after record C, and then resumed. 
has since received 9 mg/kg/day for 7 days and 18 mg/kg/day for 4 days. 


shows no neurological changes. 


time to time, and even during the course of the same 
examination. Thus, one can observe a temporary 
interruption of the high amplitude slow waves when 
the eyes are open or the patient is stimulated 


The patient is somnolent and generally 


The patient 
He is quite normal and 


do not show any obvious arousal effect (fig. 4, 5) 
upon the existing electrographic pattern. The hyper- 
ventilation test did not seem to be significantly 
sensitized by the administration of the drug. 
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In 3 patients, waves tending toward sharpness 
were noted (fig. 2), but there were no clear-cut 
epileptiform discharges. 

Thus the most usual electrographic response in 
the patient given 6-Azauracil was an abolition of the 
fast activity and disorganization of the background 
rhythm, associated with disappearance of the re- 
sponse to photic stimulation, followed by the appear- 
ance of a high amplitude delta rhythm. 

These electroencephalographic changes appeared 
directly related to the dosage of the drug employed, 
though varying between wide limits in the individual 
patients. In adults the delta activity appeared at 
dosages from 9 to 45 mg/kg. per day. In children, 
the dosage required to elicit these manifestations 
varied from 4.5 to 27 mg/kg. per day. In general, 
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With discontinuance of the 6-Azauracil, the 
electroencephalogram has returned to the baseline level 
in each instance (fig. 2 and 6). The disappearance 
of the delta rhythm may be rather sudden and in 
any case, the record resumes its baseline pattern 
within 3 to 7 days. 


Clinical manifestations : 

Administration of 6-Azauracil provoked clinical 
manifestations of central nervous system dysfunction 
in 17 of 19 patients. 

The most striking change induced was somnolence, 
which occurred in all 10 children and in 6 adults. In 
its early stage this was seen only as an unusual 
drowsiness during which the patient, if left alone, 
tended to sleep most of the time. If aroused, he 
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Patient J. B. (female, 11 yr. old). 
A. Baseline. 


B. 6 days after administration of 9 mg/kg/day. Patient is alert and normal. 


C. 11 days after withdrawal of the drug. 


these changes were manifest at much lower dosage 
levels in children than in adults. 

Inasmuch as usually the subject was begun on 
a low daily dose of 6-Azauracil and the medication 
was continued with regular periodic increments until 
the toxic manifestations demanded its discontinuance, 
our information does not permit an evaluation of the 
chronic effects of administration of the drug at a 
fixed dosage level. For the few cases so studied, 
however, the EEG changes tend to become more 
severe with prolonged administration, even of the 
same dosage, though exceptionally temporary regres- 
sion of the electrographic changes were noted, not- 
withstanding the fact that the patient was still under 
regular ‘‘treatment’’. 


appeared completely alert, and no defect in mentation 
could be found. Sometimes this was the only change 
which occurred, and in a few instances this drowsiness 
regressed even if the medication were continued. More 
usually, however, if the drug were continued, this 
tendency to sleep progressed and, when aroused, the 
patient might respond slowly and hesitantly to 
questions and show some difficulty in calculation and 
memory. If the administration of 6-Azauracil is con- 
tinued for a longer period, the patient might pro- 
gress to a semi-comatose state from which he could 
be roused to respond only with a grunt or a sigh. 

This progression to a semi-comatose condition oc- 
curred in only one adult but took place in 5 children. 
Children showed a marked tendency to progress to 
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this state very quickly, so that on one day they might 
be only slightly drowsy while on the next, semi- 
comatose. ison 

While unquestionably the most marked and con- 
sistent change noted clinically was the appearance of 
somnolence, nevertheless a few patients showed further 
changes. Other manifestations of mental dysfunction 
seen were involuntary laughing and erying, dis- 
orientation, euphoria and acute agitation with moan- 
ing and screaming. One patient had an episode of 
anomia. 

In a few subjects, changes in the neurological 
examination were noted during the course of therapy ; 
such as, an increase in the deep tendon reflexes and 
unsustained ankle clonus. Babinski signs appeared in 
a single patient. Rarely, transient irregular jerking 
movements of the head and extremities appeared, and 
in one patient an involuntary movement reminiscent 
of a ‘‘liver flap’’ was seen. Several had an unsteady 
gait, but this may well have been a manifestation of 
drowsiness. 

Changes in the neurological status have appeared 
at widely varying stages of therapy. One patient 
developed significant changes after receiving only 
4.5 mg/kg. of 6-Azauracil over a 24 hour period, 
while another was able to take 45 mg/kg. for 12 days 
with only minor manifestations of toxicity. In 
general the margin of safety has been much greater 
in adults than in children. One child progressed to a 
semicomatose state after receiving 4.5 mg/kg. of 
the drug daily for 3 days. The only adult who 
became semicomatose did so only after receiving 
27 mg/kg/day for 2 days after having received 
9 mg/kg/day for 8 days and 18 mg/kg/day for 9 
days. In several subjects it was noted that they might 
tolerate a given dosage for a considerable period with 
no, or only minor, toxic manifestations, only to de- 
velop severe symptoms within 1 to 3 days after the 
dosage was increased. 

These neurological manifestations of 6-Azauracil 
administration have uniformly disappeared after dis- 
continuance of the drug. The condition of most pa- 
tients has returned entirely to normal within 2 to 
3 days. At most, 9 days have been required for the 
state of mentation to reach its pre-treatment level. 


DISCUSSION 


Our studies have shown that 6-Azauracil provokes 
marked electroencephalographic and neurologic chan- 
ges. The electroencephalographic modifications are 
usually the first and the most significant: the most 
severe and characteristic among these are reminiscent 
of those seen in other conditions, among which may 
be mentioned sleep, coma, certain forms of toxie and 
infectious encephalopathies, and certain stages of 
cerebral anoxia. We do not note any pattern char- 
acteristic of superficial sleep, such as spindle activity 
or central-vertex sharp waves, and no K complexes 
can be elicited with acoustic stimulation, as is the case 
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in deeper stages of sleep. The presence of rhythmical 
bursts of discharges of regular slow waves at times 
separated by intervals in which the activity appears 
depressed and the record becomes flat (fig. 5) re- 
minds one of certain tracings observed in sub-acute 
encephalitis. Such a pattern, however, is not con- 
stant (see i.e., fig. 4, 6) and the delta activity may 
be present continuously with an irregular polymorphie 
non-rhythmical character. 

In fact, the most abnormal and typical records 
observed in this study could hardly be distinguished 
from those commonly obtained in subcomatose or 
comatose patients were it not for the absence of 
arousal changes, even when the subject is alert 
(fig. 4 and 5) and for the lack of correlation 
between electrographic and clinical changes in general. 
It was a remarkable finding to see a patient quite 
alert and able to carry on an intelligent conversation 
while his electroencephalogram showed almost con- 
stant delta wave activity of the type above-described. 
This may in part, of course, reflect the crudity of 
our usual clinical tests for evaluating mentation, but, 
nevertheless, in these patients there was often no 
recognizable diminution of mental functioning. 

As most electroencephalographers would agree, 
while coma is almost invariably associated with slow, 
delta activity of high voltage-irrespective of the cause 
producing the comatose condition itself, the converse 
is not necessarily true. It is known, for instance, that 
eases of encephalitis clinically recovered, may show 
an abnormally slow background with apparently nor- 
mal mentation and alertness for long periods of 
time after the acute episode. Gastaut (1954) mentions 
a case of a young girl having recovered from a post- 
traumatic coma whose EEG continued to be char- 
acterized for more than three years thereafter by a 
background rhythm of 3/sec. and yet her psychic 
state, power of abstraction and attention remained 
quite normal. 

Notwithstanding the existence of such similar 
examples, however, the discrepancy between EEG and 
clinical picture remains remarkably striking in our 
series of patients, particularly because one has the 
impression that this is a regular and constant effect 
of 6-Azauracil when given in sufficient dosage and for 
a given period of time. 

As it might be expected in those patients in 
whom therapy was continued in the presence of severe 
EEG changes, no significant electrographic deteriora- 
tion could be detected when they did become semi- 
comatose. In other cases, however, the pattern might 
show a further slowing of the delta rhythm. This 
lack of correlation was likewise seen when the drug 
was discontinued, the clinical signs usually disappear- 
ing several days in advance of the electroencephalo- 
gram’s returning to the baseline. 

The children almost uniformly responded, both 
electrographically and clinically, much quicker and on 
smaller doses than did adults. This was most easily 
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demonstrated by the precipitateness with which they 
could change from a very slightly drowsy condition to 
a semi-comatose one, a state eventually reached in five 
children but in only one adult. EEG changes also ap- 
peared earlier and with greater severity in children 
than in adults. No convincing explanation for this 
differential response is offered, however, a possible 
analogy could be found in the comparably different 
EEG susceptibility to overbreath :g of children and 
adults. 

The mechanism and the site of action of 6-Azau- 
racil in the production of the described central nervous 
system signs are as yet entirely unknown. 

The similarity of its chemical structure to that 
of mysoline and barbital raises the possibility that all 
these drugs might act through a similar mechanism 
although the final effects, and particularly those on 
the EEG are quite different. The electroencephalo- 
graphic picture could also suggest possible cerebral 
cellular anoxia. There is no evidence available to prove 
or disprove either of these concepts. Whatever its 
mode of action may be, our findings suggest that its 
effect is completely reversible on withdrawal of the 
drug. 

The site of action of this drug within the central 
nervous system is similarly enigmatic. Some of the 
electrographic features prompt a consideration of the 
deep midline or brain stem structures as those most 
directly and primarily affected, but this is purely 
speculative, and one could equally defend the thesis 
of a more diffuse or even a direct cortical involvement. 

This last possibility could be suggested by the 
rather frequently negative results of various types of 
stimuli upon the EEG even when the patient is clin- 
ically alert. In these cases the brain stem ‘‘ arousal 
system’’ should reasonably be considered as fune- 
tionally intact and the lack of appreciable electro- 
graphic arousal could be interpreted as due to a 
severe functional impairment of the cortical substrate 
upon which the impulses of subcortical (and _ peri- 
pheral) origin normally would exert their desyn- 
chronizing action. Studies to try to clarify its mode 
and site of action have been hampered by the seeming 
specificity of the drug’s toxicity for humans. To the 
present, no entirely suitable experimental animal has 
been found manifesting the same toxic reactions as 
humans (cats have been given as much as 2000 mg. 
in a single dose intravenously without inducing any 
electroencephalographic change; Ajmone Marsan and 
Wells 1956). Thus, the number and type of exper- 
imental studies possible in the clarification of this 
problem have been quite limited. 


SUMMARY 


6-Azauracil, a new experimental anti-tumor agent, 
has been given to 19 patients. In 17, it has induced 
significant electroencephalographic and _ neurologic 
changes. EEG changes have consisted of: abolition 
of the fast rhythms; disorganization of the back- 
ground activity with moderate amplitude, irregular 
slowing; depression or disappearance of the response 
to photic stimulation; and appearance of high ampli- 
tude delta rhythm. Clinically, the most striking change 
has been lethargy progressing to subcoma. The dis- 
crepancy between the electrographic changes and the 
clinical abnormalities has been striking, the electro- 
graphic abnormalities generally appearing considerably 
before those detectable clinically. All manifestations 
induced by the 6-Azauracil have regressed when the 
drug was discontinued. The changes induced were 
directly related to the dosage of the drug employed. 
Children appeared more susceptible than adults to 
its toxic manifestations. Its mode and site cf action 
are unknown. 


REFERENCES 


AJMONE MARSAN, C. and WELLS, C. E. Unpublished 
observations, 1956. 

BaRLow, R. B. and WeEtcn, A. D. A synthesis of 
‘*6-Azauracil’’. (1,2,4-Triazine-3,5 (2H,4H)- di- 
one), an analog of uracil. J. Amer. Chem. Soc., 
1956, 78: 1258-1259. 

GASTAUT, H. The brain stem and cerebral electro- 
genesis in relation to consciousness. In Brain 
Mechanisms and Consciousness, Oxford, Black- 
well Scientific Publ., 1954, 249-283. 

HAKALA, M. T., Law, L. W. and WEtcuH, A. D. 
Inhibitory activity of 6-Azauracil, 6-uracil methyl 
sulfone, and related compounds on the growth of 
mouse lymphomas and sarcoma 180. Proc. Amer. 
A. Cancer Res., 1956, 2: 113. 

HANDSCHUMACHER, R. E. and WELCH, A. D. Microbial 
studies of 6-Azauracil an inhibitor of uracil. Fed. 
Proc., 1956, 15: 267. 

SEIBERT, W. Uber den Mechanismus der Reaktion von 
Kishner-Wolff-Staudinger, I. Mitteilung. Chem. 
Ber., 1947, 80: 494-502. 

Sxopa, J. and Sorm, F. Antagonismus 6-Azauracilu 
a nekterych pyrimidinovych derivatu v Escherichia 
coli. Chem. listy, 1956, 50: 1165-1168. 

Sorm, F. and Sxopa, J. 6-Azauracil, antimetabolit 
uracilu a ecytosinu v Escherichia coli. Chem. listy, 
1956, 50: 827. 

Sor, F. and Sxopa, J. 6-Azauracil, an antimetabolite 
of uracil and cytosine. Coll. Czech. Chem. Comm., 
1956, 21: 487-488. 

Sorm, F., Jaxupovid, A., Stecuta, L. The anti- 
cancerous action of 6-Azauracil (3,5-dioxo-2,3,5- 
tetrahydro-1,2,4-triazine). Hxperientia, 1956, 12: 
271. 


Reference: WELLS, C. E., AJMONE-MaRSAN, C., FREI, E., TuoHy, J. H. and SHNIDER, B. I. Electroencephalo- 
graphic and neurological changes induced in man by the administration of 1,2,4-Triazine-3,5 (2H,4H)- 
dione (6-Azauracil). EEG Clin. Neurophysiol., 1957, 9: 325-332. 


Gn) 


oe 


of 

ma: 
not 
vuls 
oxa 
wer 
at I 
gro 


_— we fate 
er 48 ‘ 
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ADMINISTRATION OF ACETAZOLAMIDE ! (DIAMOX) IN 
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The reports of Bergstrom (1952), Lombroso et 
al. (1956), Merlis (1954) and other authors have 
clearly shown the value of acetazolamide (Diamox) 
as an efficient anticonvulsant in some epileptic pa- 
tients. The mechanism of action of the drug, how- 
ever, has not yet been sufficiently elucidated, although 
the clinical and some experimental observations permit 
some insight into it. 


At first it was believed that the acidifying and 
dehydrating effects of this non-mereurial diuretic, 
apparently resembling those of the ketogenic diet, 
might account for its anticonvulsant action. However, 
the work of Leaf, Schwartz and Relman (1954) and 
the observations of Lombroso, Davidson and Grossi- 
Bianchi (1956) in patients under constant treatment 
with the drug, have clearly shown that the acidosis 
and dehydration obtained are short-lived, and the 
diuretic effect of acetazolamide is rather poor in non- 
edematous patients. Moreover, Davenport and his 
group (1946) have found that the experimental con- 
vulsive seizures produced by electric-shock are not 
influenced in one way or the other by rather extreme 
changes in the blood pH. 

With these facts in mind, and taking into account 
that the best clinical results have been obtained in 
those patients who showed the most marked alterations 
of their EEG with the hyperventilation test (Lombroso 
et al. 1956; Merlis 1954), we studied the immediate 
effects of intravenous acetazolamide on the EEG 
recordings of a small group of epileptic patients. 


MATERIAL AND METHODS 


The subjects were 16 patients, male and female, 
of ages ranging from 10 to 55 years, with varied 
manifestations of epilepsy, the majority of which had 
not been adequately controlled by the usual anticon- 
vulsant drugs, including hidantoines, barbiturates, 
oxazolidines and primidone in high dosage. They 
were classified on the basis of their EEG abnormality 
at rest without activation of any kind in the following 
groups: 


1 The acetazolamide used in this study was obtained 
through the courtesy of Lederle Laboratories Division, American 
Cyanamid Co., Pearl River, N.Y. 


[ 333 ] 


Group 1. Slow diffuse abnormality 
(a) Straight: cases 1, 6, 8, 14, 16 
(b) With paroxysmal slow waves and 
spikes: cases 2, 4, 15 
(c) With diffuse spiking activity: cases 
12, 13, 7 
(d) With a single spiking focus: ease 5. 
Group 2. Active spike or slow wave focus on an 
otherwise normal record: cases 3 and 10. 
Group 3. Three-per-second ‘‘wave-spike’’ abnormal- 
ity (petit-mal): case 9. 
Group 4. Diffuse slow abnormality in one hemi- 
sphere, with a focus of spikes and slow 
waves: ease 11. 


The recording was performed with an Offner 
six-channel electroencephalograph, model D. Only 
‘“monopolar’’ leads were used, with both ears inter- 
connected as the reference electrode. The electrodes 
were set in the standard positions according to Gibbs 
and Gibbs. The anticonvulsant drugs in use were not 
suspended. 


Preliminary standard overbreathing test was 
done on all patients by having them inhale and exhale 
deeply for 3 min. at a rate of 20 to 25 complete 
respirations per min. 

The hyperventilation test gave a ‘‘positive’’ re- 
sponse, with paroxysmal discharges of high-voltage 
slow waves, with or without spikes, which persisted 
for more than 30 sec. in the majority of cases, with 
the exception of cases 10, 11, 12 and 13 in whom 
only moderate increase of the basic frequency or some 
random slow waves were obtained. 


About 10 min. after completion of the hyper- 
ventilation test, acetazolamide was injected intra- 
venously in a dosage of 10 mg. per kilo of body 
weight, dissolved in 10 ec. of distilled water. The in- 
jection was completed in 15-30 see. A continuous 
EEG record was obtained during the following 30 
min. Except in case 5 who did not cooperate well the 
hyperventilation test was repeated 15 and 30 min. 
after the injection. 


In no case were discomfort or toxie reactions 
observed as a result of the injection. 
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Fig. 1 

A. Recording at rest. 

B. After 3 min. of hyperventilation. 

C. Five min. after intravenous injection of Diamox (10 mg. per kg. body weight). 

D. Hyperventilation after administration of Diamox. 
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Fig. 2 


A. Recording at rest. 
B. Five min. after intravenous injection of Diamox (10 mg. per kilo body weight). 
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EEG CHANGES 


RESULTS 


The results are classified as follows: 
1. Without modification of the abnormalities of 
the basal record: 
(a) without modification of the hyperventilatory 
response: cases 10, 11, 12 and 13; 

(6) with marked reduction or suppression of the 
hyperventilatory response: cases 3, 6, 7, 8, 
9 and 16. 

2. With evident reduction of the basal record 
abnormalities: 

(a) without modification of the hyperventilatory 

response: cases 1, 2 and 4; 
(6) with marked reduction or suppression of the 
hyperventilatory response: cases 14 and 15. 

In brief, we can say that the drug produced 
evident changes in the abnormalities of the EEG in 
3 cases, and produced a marked reduction or total 
suppression of the abnormal discharges after hyper- 
pnoea in 8 cases. 

It is significant that in those cases (10, 11, 12, 
13) in which there was very little or no variation 
on hyperpnoea before the drug was given, there was 
practically no modification of the record after in- 
jection of the drug. 

The photographs show typical tracings although 
it is true that epileptic electrical activity tends to be 
paroxysmal and it is possible to find some periods 
of normal or almost normal record between seizure 
bursts, which might be interpreted as variations caused 
by the drug in study, it must be taken into account 
that no subject was selected for this experiment who 
did not show permanent abnormalities in the previous 
and the present recordings. 

Since the experiments were performed, many of 
these patients have been receiving treatment with 
acetazolamide by the oral route. The results will be 
reported separately, but it may be stated that they 
closely resemble the effects shown by the intravenous 
test. 


DISCUSSION 


As stated above, there remains little doubt of 
the value of acetazolamide (Diamox) as an useful 
anticonvulsant. This has been clearly shown in the 
elinical trials of Lombroso et al. (1956) Mufiéz and 
Gomensoro (1955) and Merlis (1954). Those authors 
found that the best results were obtained in cases 
with severely abnormal electrical response to volun- 
tarily induced hyperpnoea. From such clinical find- 
ings it was postulated (Merlis 1954) that the mech- 
anism of action was at the level of the nerve fibers, 
by the inhibition of carbonic anhydrase, which would 
give rise to an elevation of the CO, concentration. 
As Lorente de N6é (1948) has shown experimentally, 
the increase in CO, content around a nerve axon 
eauses a total or partial blocking of the nervous 
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impulse, an effect that is independent of the pH of 
the medium. There are, however, some serious objec- 
tions to this hypothesis. In the first place, the dis- 
tribution of carbonic anhydrase in the brains of dif- 
ferent species of mammals does not correspond exact- 
ly to that of the white matter (Ashby 1944a, b, e¢, 
1948; Ashby et al. 1952). Moreover the absence of 
carbonic anhydrase in the spinal cord of the pig 
(Ashby 1944¢) suggests that this enzyme is not 
absolutely necessary for the transmission of the 
nervous impulse; its inhibition, therefore, could hardly 
be expected to produce a block such as that obtained 
by Lorente de N6 in other experimental conditions. 


On the other hand, the work of Tschirgi (1954) 
and his group seems to indicate that carbonic anhy- 
drase has an important function in the water and 
electrolyte exchange across the neuronal membrane. 
This assumption correlates well with the results ob- 
tained by Millichap et al. (1955), who inhibited the 
tonic phase of electrically induced seizures in mice 
with acetazolamide, a fact which is better accounted 
for by a mechanism acting at the neuronal level. 


Since, as shown by our experiments, the effects 
of acetazolamide on certain EEG abnormalities are 
obtained almost immediately after intravenous injec- 
tion of the drug, it is probable that its action is not 
to any degree due to dehydration and acidosis, which 
are usually slower processes. The fact that Diamox 
decreases the bio-electric response to hyperventilation 
may be due to a direct action on the central nervous 
system or to a modification of the effect of hyper- 
ventilation on the CO, content of the circulating 
blood, since carbonic anhydrase regulates the elimina- 
tion of CO, by the lung. It is proposed, therefore, 
to repeat our experiments in the future with simulta- 
neous determination of CO, in the blood and expired 
air. 


SUMMARY 


Intravenously administered acetazolamide (Dia- 
mox) abolishes or decreases certain EEG abnormal- 
ities observed in epileptic patients and blocks the 
paroxysmal slow-wave discharges provoked by hyper- 
ventilation in some cases. The theoretical implications 
of these results are discussed. 
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ELECTROENCEPHALOGRAPHIC ARTIFACT ARISING 


FROM DENTAL RESTORATIONS 1 
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INTRODUCTION 


Artifact closely resembling the electrical activity 
of the brain is often difficult to evaluate. The ring- 
ing of the telephone can cause a burst of high voltage 
20 ¢/sec. waves. Eye movement can simulate a focus 
or paroxysmal activity. Movement of the patient or 
objects close to the patient can do the same. In fact, 
the life of the electroencephalographer contains so 
many pitfalls with regard to artifact that many elec- 
troencephalographers consider all unusual waves as 
artifact until proved otherwise. 


Artifact resulting from dental restorations of 
dissimilar metals was noted on a 44-year-old male 
patient with a number of somatic complaints, 
especially referable to his head. There were no ab- 
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picious because some discharges were artifactual in 
appearance. All discharges appeared under the frontal 
and anterior temporal electrodes and it was known 
that the patient had both gold and aluminum resto- 
rations in his mouth. 


Electrodes were placed on the patient’s face 
close to his lips — one over the area of the gold 
inlay and the other over the aluminum restoration. 
One channel of the electroencephalograph was devoted 
to this linkage. Innumerable discharges were recorded; 
some of these synchronized with the spike-like and 
sharp wave discharges recorded from the anterior 
temporal electrodes (fig. 1). 


To confirm the finding that the discharges were 
actually the result of the dissimilar metals in the 
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Fig. 1 
Synchronization of discharges from metal restorations in mouth with discharges from anterior temporal 
electrodes. In the last two strips, the fifth channel is recorded from electrodes placed on the subject’s 


face over the area of the metals. 


uormal neurological findings. The electroencephalo- 
gram was essentially within normal limits with the 
exception of a diffuse, spike-like discharge and sharp 
waves which were most prominent anteriorly and 
temporally. Although several of the discharges re- 
sembled sharp wave activity, the technician was sus- 


1 Read at meeting of The Eastern Association of Electro- 
encephalographers, Hartford, Conn., September 30, 1956. 
2 Present address: 8305 Saturn Place, El Paso, Texas. 
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patient’s mouth, 45 subjects with no known neuro- 
logical or psychiatric disorder were tested. 


SUBJECTS AND METHODS 


The subjects fell into three groups: group I (12 
subjects) had two metals in the mouth; group II 
(30 subjects) had only one type of metal in the 
mouth; group III (3 subjects) had no metal in the 
mouth. The pH of the saliva was determined for 
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each subject.1 Currents were measured with a micro- 
ammeter and ranged from one-half to 40 micro- 
amperes. 


For all subjects, frontal and anterior temporal 
electrodes were applied and electrodes were also 
placed on the face just above the lips. In group I, 
one electrode was placed over the gold area and the 
other over the silver area. For group II, the current 
was measured and the electrodes were placed over 
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RESULTS 


None of the 30 subjects with only one type of 
metal in the mouth showed an electrical discharge 
accompanying mouth movement. None of the three 
subjects without metal showed these discharges. Of 
the 12 group I subjects, 7 showed discharges from 
the electrodes placed about the lips. For 4 of these 
subjects, the discharge was reflected in the electro- 
encephalogram (table I). 
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Fig. 2 
The figure in the upper left shows placement of mouth electrodes. 
a. During the course of this investigation it was also seen that tongue movements may 
be picked up on the electroencephalogram and show slow waves under the anterior 


temporal electrodes. 


The fifth channel in this strip is recording tongue movements 


from electrodes placed on the face just above the lips. 
b. Recording of discharges from a subject with gold and silver dental restorations. 
Electrodes placed as indicated on figure in upper left. 
c. Recording of discharges from electrodes placed directly on the metal in the subject’s 


mouth. Note the increase in voltage. 


the area of those restorations which gave the highest 
reading in microamperes. In group III, the electrodes 
were placed at the upper right and lower left corners 
of the mouth. Recordings from these electrodes were 
then made. Each subject was asked to move his 
tongue about, swallow, bite, and speak during the 
recording. 


1 The pH of the mouth is important from the dental point 
of view because an acid condition supplies more metallic 
salts to form a component of the battery and hence contributes 
to an increase of the current. However, there was no signi- 
ficant relationship between the pH and whether or not 
discharges were recorded in the present series. The mean pH 
of all subjects with spikes was 6.0 and the mean pH of all 
subjects who did not show spikes was 6.1. A t test of the 
difference between these means was clearly not significant. 


TABLE I 


Tabulation of results obtained when recording was 
made from electrodes placed on the face in the area 
of the metals. 


Total No. Spikes Synchronous 
of recorded spikes seen 
subjects from lip area in EEG 
Group I 12 7 4 
Group II 30 0 0 
Group III 3 0 0 


Further to test the hypothesis that these dis- 
charges came from the metal in the subject’s mouth, 
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electrodes were applied directly to the restorations of 
5 group I and 7 group II subjects who had a bite 
sufficiently good to hold the electrode in place.1 

The 5 subjects with dissimilar metals (group I) 
in their mouth showed discharges when recording 
directly from the restorations. Of the 7 subjects 
(group II) with just one type of metal in the mouth, 
5 showed discharges when recording directly from the 
dental restoration (fig. 2). 

In all cases, the characteristic high voltage dis- 
charges appeared only when the subject moved his 
tongue, swallowed or spoke. 


DISCUSSION 


Ordinarily, dental restorations are not associated 
with artifact on the electroencephalogram. The most 
common artifact seen in patients with dentures ap- 
pears as muscle artifact and is usually eliminated by 
asking the patient to remove the dentures. However, 
artifact may arise when a patient has restorations of 
dissimilar metals. 

The dental profession has long recognized the 
existence of a great diversity of current intensities in 
a mouth containing orthodontic appliances and dental 
restorations of dissimilar metals (Hyams 1933). The 
two metals set up a battery in the conducting medium 
of the saliva and, depending on the metals, the cur- 
rents range from .5 to over 100 microamperes. 

The direct current generated by these batteries 
would not normally be recorded on the electroenceph- 
alograph with its condenser-coupled amplifiers. How- 
ever, neither the current nor the potential is constant 
beeause of mouth movement and the changing quality 
of the saliva. If the current is sufficiently strong 


1 Although the subject held the electrode in place by 
biting, the absence of muscle activity in the electroencephalo- 
gram may be taken as proof that these discharges during 
swallowing and tongue movement are not muscle activity. 


and the voltage sufficiently high, the changing po- 
tentials may be recorded on the electroencephalograph. 

Although all subjects with metal in the mouth 
have a demonstrable current, not all show this artifact 
on the electroencephalogram. The direction of the cur- 
rent flow in relation to electrode placement on the 
head may be partially responsible. Another factor 
may be insufficient voltage. 


However, when several large metallic restorations 
are present, it is possible that the currents will inter- 
fere with the electroencephalogram. Especially if 
dissimilar metals far apart in the electrochemical 
series are used, the discharges may closely resemble 
spike or sharp wave activity when picked up. Even 
when the wave form is frankly artifactual, knowledge 
of the possible effect of metallic restorations may 
save needless checking of equipment and changing of 
electrodes. 

It is therefore suggested that when patients show 
spike or sharp wave charges of unknown origin, par- 
ticularly from frontal areas, and it is known that 
the patient has restorations of dissimilar metals, re- 
cording from the face over the area of the dissimilar 
metals may help to determine whether the discharges 
originate in the patient’s brain or in his mouth. 


SUMMARY 


Artifact resulting from the presence of metal in a 
patient’s mouth has been described. It is suggested 
that this type of artifact may be ruled out by re- 
cording from electrodes placed on the patient’s face 
over the area of the metal in the patient’s mouth. 
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suitable amplification (V4) are available at low im- 
pedance from a cathode follower (V5). During the 
intervals between gating pulses, the relative potentials 
at the cathodes of V5 and V6 are such that points 
Al and A2 (fig. 2) are effectively tied to the eca- 
thodes of V6A and V6B, via the conducting diodes 
V7A and V7B, respectively. The fluctuating voltages 
at the cathode of V5A and V5B accordingly appear 
almost entirely across the 22K series resistors, Rl and 
R2, respectively. At the same time, the potentials at 
the electrodes of V8A and V8B are such that the tube 
is nonconducting: the cathode of V8B, being con- 
nected to the relatively high potential at the cathode 
of V7B, is at a higher potential than the plate of 
V8B; and the plate of V8A, being connected to the 
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effect of V6 (via V7) thus removed, the potentials at 
Al and A2 (fig. 2) become the same; V8 now acts 
as a shunt, connecting the cathode of V5 (via the 22K 
resistors) to the storage condensers Cl and C2: V8A 
conducts for negative changes of the potential at the 
cathode of V5, and V8B conducts for positive changes 
of this potential. 

At the end of the gating pulse, the previous con- 
ditions are resumed, and the storage circuit retains 
the instantaneous voltage at the cathode of V5 at 
the end of the last gating pulse until the incidence 
of the next one. At this time, the new instantaneous 
voltage is stored, and so on. 

From the foregoing, it is seen that V7 and. V8 
serve as a switch, connecting the cathode of V5 with 
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Fig. 2 
Schematic and waveforms of gating-storage circuit. 


relatively low potential at the plate of V7A, is at a 
lower potential than the cathode of V8A. The storage 
condensers (Cl and C2) are thus isolated from the 
fluctuating potentials at the cathode of V5. 

At the appearance of a gating (i.e., delayed 
stimulus) pulse, the potentials at the cathodes of 
V6A and V6B are reversed, so that diodes V7A and 
V7B are no longer conducting: the plate of V7B is 
now at a lower potential than the cathode of V7B, 
and the cathode of V7A is at a higher potential than 
the plate of V7A, (the maximum signal out of V5 
during the gating pulse not being large enough to 
start conduction in either section). With the shunting 


the storage circuit at the incidence of gating pulses, 
and isolating the storage circuit from the cathode of 
V5 in the absence of gating pulses. 

The storage condensers Cl and C2 are arranged 
so that feedback obtained from their center-tap to 
the cathode of V9A compensates, within limits, for 
leakage of the stored potential (Chance 1949). The 
output step-function available at low impedance from 
the cathode follower V9B, is fed to the Miller in- 
tegrator for obtaining the average at the particular 
delay for the series of stimuli. The result is recorded 
on an Esterline-Angus graphic milliammeter (1 milli- 
ampere full seale). 
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The clarification obtained by averaging a number 
of mock responses of constant amplitude amid an 
unrelated fluctuating background, in a simulated ex- 
periment, is indicated in figure 3. On the left in this 


SINGLE "RESPONSE" 


BARLOW 


figure are shown, respectively, a single cycle of a 
100 ¢/see. sine wave, the same sine wave mixed with 
background noise activity of 20-400 ¢/sec., and of 
the same r.m.s. amplitude as the sine wave, and 
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Detection of a simulated evoked response by electronic averaging. Single responses 
are shown on the left, averaged responses on the right. The simulated response is 
a single cycle of a 100 c/sec. sine wave with a repetition rate of 5 per sec. The 
background activity consists of randomly fluctuating potentials of frequency range 
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finally the background activity alone. On the right in 
the figure are shown the average of 180 mock re- 
sponses of the sine wave alone, and of the sine wave 
mixed with the background noise activity. The 
average of 180 responses with noise shows the sine 
wave much more clearly than it can be seen in the 
individual responses, in which the sine wave is almost 
completely obscured by the noise. The theoretical 
gain in the signal-to-noise ratio, given by the square 
root of the number of responses averaged (Lee 1950), 
is approximately 13 (i.e.1/180) in the example given 
above. 

The average of 210 responses to stroboscopic 
stimulation at a rate of one per second, recorded from 
the lateral gyrus of a cat under light Nembutal an- 
esthesia, is shown in figure 4. In this example, the 
steps of delay are 0.5 msec. From the figure, the 
latency of onset of surface positivity is seen to be 
17 msec., the peak of surface positivity occurs at 
22 msec. and the peak of surface negativity at 36 
msec. A brief sample of the corresponding ink-re- 
cording is also shown. The elarity of the averaged 
response as compared with single responses is evident 
from the figure. Examples of some results obtained 
in clinical eases have previously been published (Bra- 
zier and Barlow 1956). 


In the future, it is planned to substitute a 
phantastron type of delay (Chance 1949) for the 
magnetic drum for delaying the stimuli, and to use 
an endless loop of magnetic tape as an alternate to 
the present procedure of repeated rewinding of the 
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tape. Details of these modifications will appear else- 
where. 


The author is indebted to Dr. Mary A. B. Brazier 
of the Massachusetts General Hospital, and to Prof. 
Walter A. Rosenblith of the Massachusetts Institute 
of Technology, for their continuing interest and en- 
couragement. In the completion of the system for 
correlation analysis of brain potentials, of which the 
equipment described here is a part, the author has en- 
joyed close collaboration with Mr. Robert M. Brown, 
of the Research Laboratory of Electronics, M. I. T. 
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When any electrical or mechanical phenomenon 
is recorded, the recording system may fail to respond 
immediately . If the lag in response varies with fre- 
quency, distortion of complex waveforms may occur. 
With electrical phenomena the lag in response is 
described as phase shift and measured in degrees. 
Phase shift varying non-linearly with frequency pro- 
duces phase distortion. Dawson and Walter (1944) 
and Cohn (1949) have shown how the form of a 
complex wave can be distorted by phase shift of its 
harmonies. Geddes (1951) has demonstrated variation 
in the position of the ‘‘spike’’ in a ‘‘spike and 
wave’’ with different degrees of phase shift. It is 
evident that the problem of phase distortion is of 
significance in electroencephalography. 


In the amplifier the degree of phase shift at dif- 
ferent frequencies may be readily determined. In the 
recording equipment the measurement is more dif- 
ficult. No reference has been found as to the degree 
of phase shift or time lag introduced by electro- 
encephalograph pen recorders, nor any accurate method 
of determining the degree of shift. To investigate 
the problem of phase shift and distortion in electro- 
encephalograph pen recorders, two methods of measure- 
ment have been evolved and are presented. 


METHODS 


1. In this method use was made of Electrex 
kymograph recording paper. This paper has an elec- 
trically conducting surface so that.a battery connected 
across a strip produces a potential gradient across it. 
For the experiments a 6 cm. long by 0.5 cm. wide 
strip of Electrex paper was cut in an are of radius 
equal to the length of the pen being tested. The strip 
of paper was laid on plexiglass and clamped flat at 
either end (fig. 1). The pen tip, dried of ink, was 
placed on the Electrex paper so that it moved along 
the curve of the paper. A battery across the strip 
produced a potential gradient. The battery was center- 
tapped by two resistors. The potential difference 
between the pen tip on the paper and the center-tap 
of the resistors depended on the position of the pen. 
With the pens grounded, the potential between ground 
and the center-tap indicated the position of the pen 
on the paper. 


To determine the phase shifts at different fre- 
quencies, the sine wave from a Krohn-Hite oscillator 
was attenuated and fed to the input of the electro- 
encephalograph amplifier. Ten frequencies between 2 
and 59 ¢/see. were used. The pen deflections were set 
to approximately 2.0 em. peak to peak. The center- 
tap of the resistors and ground were connected to the 
Y-plates of a DuMont cathode ray oscilloscope through 
its D.C. amplifier. The voltage feeding the pen coil 
was tapped, amplified by a D.C. amplifier and fed 
to the X-plates. 

As the D.C. amplifiers produced no phase shift, 
the position of the oscilloscope spot represented the 
resultant of two potentials — that moving the pen 
and that representing the position of the pen tip. 


Pen 


—<U- 


Sp eng 


Outp ur 


Fig. 1 
First method of testing. The black curved strip is Electrex 
paper. The output feeds to the X-plates of an oscilloscope. The 
voltage moving the pens feeds the Y-plates. 


With no phase shift between the potentials, a straight 
line running at 45° across the tube face appeared; 
this line opened to a loop as phase shift became 
apparent. Superimposed photographs of many oscil- 
lations were made at each frequency. An example of 
a loop at 30 ¢/sec. is shown in figure 2A. The photo- 
graphs of the loops were enlarged and measured. From 
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PHASE SHIFT 


these measurements the degree of phase shift was 
calculated using the formula quoted by Parr (1943) 
OP 
Be PS 
OQ 
where @¢ is the phase shift, OP the amplitude of the 
loop where it cuts the horizontal axis and OQ the 
maximum horizontal axis of the loop. 


2. To check the results of the above method, a 
second technique was used. This method permitted 
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no deflection on the pen being tested, the ink tracks 
of the two pens were made to coincide. The ink was 
electrically conducting so that the fixed and movable 
pens were joined by a conducting bridge when the 
two tracks coincided. When the pen was oscillating 
it made and broke contact with the ink bridge every 
time it crossed the track of the first pen. To detect 
the instant the moving pen crossed the ink bridge, a 
battery was connected through a resistor to ground 
and the inkwell of the fixed pen. Every time the mov- 


Fig. 2 


(a) A Lissajous’ 
pen and the position of the pen tip. 


figure produced by phase shift between the voltage moving the 


(b) Time lag between the pen voltage crossing its mid-point and the pen crossing 


its mechanical mid-point. 
the pen crosses its mechanical mid-point. 


The pulses marked with arrows represent the 


instant 


From these figures the degrees of phase shift can be calculated. 


the pen to write on moving paper with an ink flow 
to act as a lubricant. The arrangement is shown in 
figure 3. A dismounted pen was stuck onto a piece 
of plasticine and connected to an inkwell insulated 
from the recording unit. The pen was placed so that 
it lay under and behind the pen being tested. With 


ing pen crossed the ink bridge the circuit to ground 
was completed and a potential momentarily developed 
across the resistor. This potential was fed to the 
X-plates of the oscilloscope and appeared as a pulse. 
The sinusoidal voltage driving the pen was tapped 
and fed to the Y-plates. If the pen introduced no 
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Fig. 3 


Second method of testing. 


As the moving pen 


crosses the ink line of the fixed 


pen the pulses marked in figure 2b appear on the oscilloscope trace. 
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time lag, the mid-point of the sine wave driving the 
pen would coincide with the mid-position of the pen 
as it crossed the ink bridge and the pulse would appear 
in the middle of the oscilloscope trace. A lag between 
coil voltage and pen movement caused the pulses to 
appear after the coil voltage had crossed mid-point, 
that is on either side of the mid-point of the oscil- 
loseope trace (fig. 2B). 

Superimposed photographs were taken of the 
traces at the ten different frequencies. Measurements 
of the deviation from mid-point of the pulses were 
made from enlargements. The time lag or degree of 
phase shift at the different frequencies was calculated 
from the formula 


where ¢ is the phase shift, OR is the distance of the 
pulse from the mid-point and OS is the length of the 
trace from mid-point. 


RESULTS 


The experiments were conducted on two types of 
electroencephalographs, on different models of the 
same type and on different pens of the same models. 

Typical results of estimations of ‘phase shift at 
the ten frequencies are shown in table I. The two 


TABLE I 


Phase shifts produced by pens of two different types 

of electroencephalograph. A and B are the different 

types. 1 is the method using the Electrex paper, 2 is 
the ink bridge method. 


Frequency Degrees of Phase Shift 

A.1 A.2 B.1 B.2 

2 — 2 + 3 

4 + + 8 6 

6 6 7 10 9 

8 7 9 14 14 

10 9 — 17 18 
15 17 16 23 24 
20 26 20 30 30 
30 37 33 45 45 
40 46 44 57 65 
50 63 58 75 90 

methods are compared for each type of electro- 


encephalograph. The shifts are taken to the nearest 
whole number. It may be seen from the table that the 
results obtained by the two methods are in fair 
agreement. Similar results were obtained using dif- 
ferent models of the same type of electroencephalo- 
graph or different pens of the same model. To de- 
monstrate the time lags of the pen units, conversion 
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from the phase shift figures of table I have been 
made and are shown in table IT. 


TABLE II 


Conversion of phase shift in table I to time lag. 


Frequency Time Lag in Milliseconds 

A.1 A.2 B.1 B.2 

2 aoa 2.8 6.2 4.2 
a7 2.8 2.8 5.6 4.2 
6 2.8 3.2 4.6 5.0 
8 2.4 3.1 4.8 4.1 
10 2.5 —_ 4.7 5.0 
15 3.2 3.0 4.3 4.4 
20 3.6 2.8 4.2 4.2 
30 3.4 3.0 4.1 , 4.2 
40 3.2 3.0 4.0 4.5 
50 3.5 3.2 4.2 5.0 

DISCUSSION 


At first sight the range of 3° to 90° phase shift 
shown in table I might suggest that the pen mech- 
anisms are likely to produce serious distortion into the 
recording. However, expressing phase shift in degrees 
is merely a convenient method of expressing time delay 
in terms of frequency. The time lags of the pens at 
the different frequencies shown in table II de- 
monstrate a nearly constant lag over the frequency 
range examined. It is now evident that a complex 
wave will have all its frequency components equally 
shifted and no change in temporal arrangement will 
occur. Provided other forms of distortion are not 
present, the pens produce time lag or phase shift but 
not phase distortion. 


SUMMARY 


Two methods of determining the degree of phase 
shift or time lag in the pens of electroencephalograph 
recorders are described. Both methods demonstrate 
time lags in the range of 3.0 or 4.5 msec., depending 
on the types of two different machines examined. 
The time lags remain almost constant over the range 
of 2 to 50 e¢/see. 


Some of the equipment used was provided through 
a grant from the National Research Council of Canada. 
The electroencephalographs used were in the depart- 
ments of the Winnipeg General Hospital, the Mani- 
toba Clinic and Deer Lodge Veterans’ Hospital. 

Addendum: Since submitting this paper for 
publication, the Editor of Technical Notes has drawn 
my attention to a paper by P. St. John Loe, Proc. 
Electrophysiol. Tech. Assoc., 1954, 5: 1, in which 
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a method of measuring total phase shift of amplifier 
and pen, using a _ stroboscopic light cireuit, is 
described. 
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The method to be described has been used in 
determining the incidence of major epileptic seizures 
in eats during withdrawal from chronic barbiturate 
addiction. The technique may well be applicable to 
other studies where activity measurements are neces- 
sary. In experimental epilepsy, the method requires 
a reliable graphic indication of a specific episodic 
behavior pattern, the temporal occurrence of which 
ean be calculated from a slowly moving, continuous 
record. Briefly outlined the apparatus utilizes movable 
eage floors, phonograph crystal pickups, power am- 
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a curved section of piano wire 6 to 8 inches long 
between the floor and the fixed cartridge. The pickup 
is mounted close enovgh to permit the curved wire to 
absorb some of the distortion. Grass, Model II-B 
EEG power amplifiers boost the crystal output with- 
out using preamplification. The same model oscillo- 
graph, paper drive, and ink writer are used. How- 
ever, the paper drive motor speed is reduced by a 
ratio of 60 to 1. Thus, a paper velocity as slow as 3 
em. per min. is available. Continuous recording for 
periods of several weeks is possible without using 
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plifiers, and ink recorders. The use of crystal trans- 
ducers for activity recording (suggested by coauthor) 
has proven reliable over the past two years. In a 
recent report, Isaac and Ruch (1956) evaluate four 
activity techniques, none of which utilize this principle. 


DESCRIPTION 


Cage floors are mounted with compression or 
suspension springs which permit a 4- to '%4-inch dis- 
tortion during a generalized convulsion. The details 
of floor mounting may vary considerably since cage 
sensitivity can be largely regulated at the amplifier 
stage. The limits of floor excursion are set by the 
durability of the crystal as regards its distortion 
tolerance. This aspect is partially regulated by using 


Fig. 1 


Upper tracing demonstrates actual convulsion. 
example of properly attenuated random activity. 


Lower tracing, on another cat, is an 


unreasonable amounts of self-folding, narrow gauge 
EEG paper. 

The animal’s random movements are dampened by 
adjusting the amplifier attenuator control. Cages may 
be ‘‘ealibrated’’ by inducing an electroshock convul- 
sion in an animal of similar size and noting the 
graphie configuration obtained on the record. Ampli- 
fier regulation is not extremely crucial because a 
characteristic pattern is obtained over a fairly wide 
range of gain settings if random movements are 
adequately attenuated first (fig. 1). 
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SOCIETY PROCEEDINGS 


DEUTSCHE EEG-GESELLSCHAFT 
(The German EEG Society) 


19-22nd of September, 1956, Berlin, Germany 


Secretary: H.GAENSHIRT | 
Moorenstr. 5, Diisseldorf, Germany 


1. The differential diagnostic delimitation of ep- 
ilepsy in the electroencephalogram. — R. Hess, 
Zurich. 

Epilepsy is defined as a state characterized by 
hypersynchronous potential variations which produce 
the attack. These manifest themselves in the EEG 
by high amplitude, high frequency short transients, 
by rhythmicity and paroxysmal occurrence. These 
changes can be generalized or focal. Among the 
generalized disturbances the morphology allows to 
draw certain conclusion on a statistical basis: the 
spike and wave discharges express a high probability 
for the presence of ‘‘absences’’. Furthermore, the 
majority of these cases are not related to a de- 
monstrable organic cause and one has to reckon with 
a hereditary factor. The more the spike and wave 
complexes differ from the ideal form described by 
Jasper and Droogleever-Fortuyn the less certain these 
correlations become. A pattern almost as character- 
istic is seen in the form of ‘‘hypsarrhythmia’’ de- 
scribed by Gibbs. This is a disturbance which is 
most frequently seen in convulsive disorders of in- 
fancy with a bad prognosis. Otherwise any generalized 
disturbance suggests that the origin of the seizures 
is most likely not related to a focal process in one 
of the cerebral hemispheres. Such focal lesions, how- 
ever, are suggested by focal EEG changes though the 
correlation here is not always certain. In general, 
an epileptogenic focus remaining constant over a 
longer period of time represents a good indication for 
a circumscribed organic lesion with disturbed fune- 
tion at its border zone. The wave form of the focal 
disturbances allows only to draw uncertain conclu- 
sions. An important correlation exists between the 
EEG pattern and the patient’s age. In infants the 
hypersynchronous potentials are usually continuous 
and generalized, in older children intermittent and 
finally typically paroxysmal. In adults focal lesions 
are the most frequent ones. In children focal lesions 
account for about half of the cases but seem to have 
some preferential localizations according to the age 
of the patient. 


2. The diagnostic significance of the EEG in cer- 
ebral tumours without papilloedema. — KRrReEN- 
KEL, Cologne. 

The author reports the EEG findings in 95 cer- 
ebral tumours without papilloedema. In 80 cases 
(84 per cent) circumscribed disturbances usually in 
the form of delta or theta waves were recorded. In 
7 patients only a lateralizing diagnosis was possible. 
Two gliomas only showed generalized changes and in 
6 eases the EEG was completely normal (1 menin- 
gioma, 4 epidermoid cysts, 1 osteo-lipo-fibro-chron- 
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droma). When compared with methods using radio- 
opaque contrasts the EEG often shows in early cases 
a higher incidence of positive findings. From the dif- 
ferential diagnostic point of view the differentiation 
towards circulatory disturbances is often not pos- 
sible in a single examination. However, with follow- 
up studies the differential diagnostic problem is al- 
most always possible to solve. Since the benign cer- 
ebral tumours produce seizures in 80 per cent of the 
cases repeated EEG examinations in epileptics at short 
intervals are indicated in order not to overlook the 
opportune moment for an operative procedure. 


3. Traumatic epilepsy in children and adolescents 
and their relation to epilepsy. — R. W. MEYER- 
MICKELEIT and E, SCHNEIDER, Freiburg/Br. 


Epilepsies after head injuries in childhood (birth 
injuries excluded) are clinically and electrographically 
different from the post-traumatic epilepsies in adults. 
An attempt to answer the question whether the child- 
hood traumatic epilepsies can be legitimately incor- 
porated within the group of residual epilepsies of 
other etiology, 65 epilepsies having occurred after 
confirmed traumatic cerebral lesions, were compared 
in matched age groups with 41 residual epilepsies hav- 
ing occurred after encephalitides' and meningitides. 
Fifty-eight closed and 7 open head and cerebral trau- 
mas occurred at the ages of 7 months to 14 years. 
Twenty-six encephalitides and 15 meningitides oce- 
curred at the ages between 2 months and 14years. At 
the time of the first EEG examination, the two groups 
of traumatic and inflammatory residual epilepsies 
were at about the same age level; one quarter were 
adults and three quarters children and adolescents. 
Clinically, the two groups of epilepsy due to trauma 
and to inflammatory cerebral lesions are not char- 
acteristically different: in each group in about 40 
per cent of the cases neurological findings were 
present and in 60 per cent of the cases mental changes 
were found. About 50 per cent of the cases showed 
focal seizures. In the EEG the post-traumatic ep- 
ilepsies of childhood showed somewhat more frequently 
generalized changes and epileptic potentials than the 
residual epilepsies after inflammatory cerebral lesions. 
Otherwise, the findings were very similar; in both 
groups about half of the cases showed focal changes 
and one third spike and wave variant forms in a 
focal or bilateral distribution. Three confirmed post- 
traumatic epilepsies of childhood showed 3 per sec. 
bilaterally symmetrical spike and wave discharges 
with clinical ‘‘absences’’. In the whole cases material 
‘‘absences’’ (found in about one-fifth of the cases) 
were only found in combination with other types of 
attacks, The younger the child was when the cerebral 
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lesion occurred the more frequent were focal seizures, 
focal changes and epileptic potentials in the EEG. 
From this investigation it can be concluded that 
the age at which the cerebral lesion occurs is a more 
important factor than the etiology in deciding which 
type of childhood epilepsy will occur. It seems there- 
fore justifiable to consider childhood post-traumatic 
epilepsies as a sub-group of the residual epilepsies. 


4. Concerning the problem of psychomotor ep- 
ilepsy in childhood. — Niedermeyer, Innsbruck. 
Forty-seven children with psychomotor epilepsy 

were investigated, 22 of whom were hospitalized the 
others were out patients. In all cases EEG findings 
are available. In 34 children the epilepsy was of a 
purely psychomotor type, in 13 there was a combina- 
tion with grand mal. The cause of the seizures was 
usually undetermined and a positive history for 
heredity was found in only 5 cases. The neurological 
findings were most often normal. The pneumo- 
encephalographic findings also were predominantly 
normal. The intellectual capacities were greatly dis- 
turbed in only 5 cases and in 7 cases intelligence was 
surprisingly good. 

The electroencephalogram was only normal in 2 
children. In 7 eases there was an unspecific dysrhyth- 
mia and in 38 cases specific epileptogenic changes 
were recorded. Among those, 14 children showed dif- 
fuse, 3 centrencephalic epileptic changes and in 21 
eases the changes were of a focal nature. In these 
ceases the focus was 18 times found in the temporal 
lobe and among those again 10 cases showed marked 
unilateral EEG changes. 

This demonstrates how intimately the patho-phys- 
iology of psychomotor epilepsy is related to the 
temporal lobe. The mesial archicortical structures be- 
longing to the rhinencephalon and which to-day are 
so much investigated from a neurophysiological point 
of view seem to play the major role in this seizure 
form. 

It is necessary to distinguish as clearly as pos- 
sible between psychomotor epilepsy and petit mal since 
this is also important from the therapeutic point of 
view. Only the true petit mal is improved by Oxazo- 
lidindion-therapy. The prognosis of psychomotor ep- 
ilepsy is not as often assumed, generally bad. 


5. Follow-up and EEG studies in pyknoepilepsy. 

— G. PAALt, Freiburg/Br. 

Among 90 children and juveniles with repeated 
frequent small attacks in whom at same time during 
the period from 1938 until 1950 a petit mal pattern 
was recorded in the EEG, 43 had a syndrome of pure 
pyknoepilepsy without grand mal attacks and 47 al- 
ready suffered from generalized seizures. The 43 pa- 
tients with pyknoepilepsy (24 girls, 19 boys) were 
followed-up and re-examined 6 years later at the 
earliest and 17 years later at the latest. Fourteen of 
these patients had become seizure free, 12 now had 
generalized attacks and 12 still had unchanged minor 
attacks. With five patients contact could not be re- 
newed. The patients in whom major seizures had ap- 
peared were predominantly male (8 male and 4 fe- 
male), the group of the unchanged petit mal cases (9 
females and 3 males) and those having become seizures 
free (9 females and 5 males) were predominantly 
female. Generalized attacks appeared at the earliest 
3 at the latest 10 years after the beginning of the 
disease whereas freedom from seizure occurred at the 
earliest 3 and at the latest 17 years after the be- 
ginning of the disease. Changes in the generative sys- 


tem (puberty, menarche, pregnancy) produced some 
changes in the clinical picture in most of the cases. In 
some this was represented by arrest of seizures in 
others by the onset of major attacks. Still others 
showed during menstruation a clear increase of seizure 
incidence. The clinical pattern gave no clues allowing 
to make a clear prognosis. It seems, however, that late 
onset of the disease, a demonstrable organic cerebral 
damage, a tendency to frequent attacks early in the 
morning or personality changes, indicate an unfavor- 
able course of the disease. The presence of hereditary 
factors does not exclude a favorable course. The 
form of the petit mal discharges in the EEG did not 
allow any prognostic conclusions, since the same pat- 
terns were found when later freedom of seizures oe- 
curred as well as in the cases which showed transition 
to grand mal. However, it seems that a great fre- 
quency of occurrence and spontaneous occurrence of 
petit mal attacks is rather a prognostically favorable 
sign. In cases where later major attacks occurred a 
minor attack could often only be obtained with hyper- 
ventilation and in almost all cases which mean- 
while became free from attacks, such minor dis- 
charges were already seen spontaneously at rest. Signs 
pointing to a rather unfavorable course are isolated 
spikes, constant focal changes and severe generalized 
EEG disturbances. In 5 patients free of seizures clin- 
ically and in which an EEG follow-up study could 
be obtained, 2 had a normal EEG, 3 showed some 
isolated waves with a steep wave front among which 
was a patient who had been seizure free for 17 years, 
whereas another patient who had been seizure free for 
5 years showed groups of atypical epileptogenic po- 
tentials. 


6. Focal changes and EEG in petit mal epilepsy. 
— A. CALDERON and G. Paat, Freiburg/Br. 


In 144 patients with typical petit mal and 3 per 
sec. spike and wave discharges in the EEG, 65 per 
cent showed no focal changes, 21 per cent showed 
changes suggestive of a focal abnormality of shifting 
foci and 14 per cent showed constant circumscribed 
EEG foci. Eighty-two patients had major and minor 
attacks and 62 only minor attacks. Temporal lobe 
and Jacksonian epilepsies were excluded in this study. 
Among 50 patients with focal changes in the EEG 
30 had minor and major attacks and 20 only minor 
attacks. 

The age of onset of the disease in the patients 
with major and minor attacks was definitely higher 
than in those with only minor seizures. In 26 pa- 
tients an exogenous cause was detectable but in 24 
there was no such indication. When comparing the 
EEG with the clinical and X-ray findings there was 
a good correlation. The minor attacks were always 
correlated in the EEG with typical 3 per sec. parox- 
ysmal discharges which only in 10 cases showed an 
inconstant focal onset or in 12 cases a more constant 
asymmetry. Besides the 3 per sec. discharges there 
were also 2 per sec. variants, seen 14 times during 
the minor attacks in younger patients below 10 years, 
and 7 times in an isolated focal distribution in dif- 
ferent age groups. Focal changes were only found in 
between the attacks mostly in the form of steep waves, 
isolated spikes or typical or unilateral paroxysmal 
waves and their variants. Only 16 had delta foci 
and focal dysrhythmias. Ten foci were found occi- 
pital and 10 in occipito-parietal regions, 2 in parietal 
areas, 2 in temporal regions, 5 in temporal basal re- 
gions, 4 in precentral areas and 2 in frontal regions. 
Fifteen patients showed dysrhythmias over one hem- 
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isphere without circumscribed focus. The relatively 
frequent occurrence of focal changes in the EEG (35 
per cent of all cases of petit mal) and of exogenous 
cerebral damage in those focal cases (52 per cent) is 
in contradiction to the view that bilateral 3 per sec. 
spike and wave discharges are signs of idiopathic 
epilepsy. It is more likely that the EEG form of 
petit mal is a reaction of the infantile cerebrum to 
any epileptogenic irritations which can act on various 
places within the brain. 


7. The significance of electroencephalography for 
the treatment of epilepsy. — Landolt, Zurich. 


Starting from the assumption that in principle 
in treating epileptic patients the normalization of the 
EEG is a desirable goal, the application of this method 
and its usefulness in relation to this goal are re- 
viewed, always assuming that a pathological EEG is 
the starting point of such an investigation. One of 
the premises under which such a study has to be 
carried out is a profound knowledge of the EEG in 
healthy persons, in which normally some asymmetries 
and focal changes may be found. Equally important 
is adequate knowledge of those EEG changes which 
are not necessarily in relation with the disease, such 
as for instance, maturational disturbances and re- 
tardations. There are types of waves which are not 
apt to be influenced by anti-convulsive medications 
and an attempt to do so could lead to administration 
of anti-convulsive medication in too high and wrong 
dosages. 

The correlation between the improvement of the 
convulsive disorder and of the EEG changes is in 
general satisfactory. Therefore especially in patients 
with a rare incidence of attacks and frequent oc- 
currence of abnormal waves, this method represents a 
useful indication for the physician and for the patient 
to evaluate the effect of treatment. 


Less consistent is the correlation between the EEG 
and the episodic phenomena of epilepsy such as 
twilight states psychotic episodes and changes in 
mood in which the electrographic pattern can become 
nearly normal in certain cases even during exacerba- 
tion of the clinical symptoms. 


Only rarely is the correlation simple and direct 
for the chronic mental and neurological changes in 
epilepsy. A normal EEG with a continued state of 
defect (deficatory syndrome) can be the expression 
of a primary or secondary loss of substance and thus, 
except for maturational processes in children, no 
further improvement can be expected. On the other 
hand a pathological EEG allows to expect the pre- 
sence of an, at least partially reversible, dysfunction 
producing the electrographic disturbance. 


The more detailed knowledge of epileptogenic pat- 
terns and the increase of the number of anti-con- 
vulsive drugs give rise to the hope that these drugs 
could be especially suited for special forms of the 
disease. Thus, general rules for the administration 
of these drugs were established though in many cases 
one is still forced to rely on empirical methods neces- 
sitating experimental trials in order to find out which 
are the optimal combinations and dosages of the drugs 
to be used. The recognition, maintenance and restora- 
tion of the individual psycho-physiological balance 
(for instance EEG and psyche) is often very impor- 
tant. In no ease is one entitled to exclude a brain 
tumor or a destructive lesion when the EEG pattern 
becomes normal. 


8. The importance of the EEG for the operative 
indication in symptomatic epilepsies. — VON 
W. GOorTze, Berlin. 


On the basis of a statistical analysis computed 
from findings published in the literature and on the 
basis of own observations it was demonstrated that 
after excision of meningo-cerebral sears in focal epil- 
epsies a considerable parallelism exists between the 
persistance of epileptiform disturbances and the re- 
appearance of seizures. Cases which remained seizure 
free over years usually were also free of epileptogenic 
changes in the post-operative records. An almost 100 
per cent correlation between post-operative freedom 
from seizures and improvement in the EEG was found 
in cases with hemispherectomies. 

In focal epilepsies cases with localized spikes 
showed a more favorable prognosis than those. with 
localized slow waves. Generalized occurrence of slow 
disturbances impaired the post-operative prognosis. In 
temporal lobe epilepsies the operative success is im- 
paired as soon as there are bilateral epileptogenic foci 
in the EEG. It has been pointed out that cortico- 
graphy, which showed in 80 per cent of the cases 
localized epileptogenic changes, is of great importance 
in symptomatic epilepsies in order to delineate the 
localization of the focus. Especially in the residual 
epilepsies, in which clinical signs for focal localization 
were absent, a constant EEG and corticographic local- 
ization can give the only indication for an operative 
procedure. Even after an open cerebral trauma which 
lies back many years the electroencephalographic in- 
vestigation is the only method which gives an indica- 
tion for changes in the functional state in the vicinity 
of the scar, as they sometimes occur in the course of 
encephalitic processes. Often in these cases with 
large scarring partial removals can be carried out 
successfully. 

The EEG criteria considered necessary to justify 
operation are as follows: (1) the clinical localization 
and the localization of the EEG focus must coincide; 
(2) when the clinical findings are negative the EEG 
localization has to be controlled by repeated examina- 
tions and if necessary by findings obtained with the 
help of some activation procedures; (3) operation 
seems contraindicated when there are generalized slow 
disturbances in the EEG and in temporal lobe epilep- 
sies with bilateral foci; (4) in cases in which hemi- 
spherectomy seems indicated, bilateral EEG changes 
are not a contraindication for operation; (5) with 
the help of corticographie records it is possible to 
localize the electrographic epileptogenic focus. Often 
this allows even in large scars partial removals with 
successful results; and (6) in order to improve the 
findings during corticography it is desirable to carry 
out an EEG examination on the day of operation and 
to operate only when the EEG is active. Thus it can 
be hoped that the incidence of positive corticographic 
findings can be increased. 


9. Excitation and excitability. — E. Scnitz and H. 

Caspers, Minster. 

The functional organization of the central nervous 
system disposes of various physiological mechanisms 
of regulation which prevent synchronized mass dis- 
charges even when there is a massive synchronized 
excitatory input as for instance during arousal. One 
of these mechanisms is represented by the continuous 
oscillations of the central excitatory state which follow 
the rhythm of the spontaneous potential oscillations. 
Besides this, the manner in which the central nervous 
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system deals with incoming stimuli plays an impor- 
tant role in the prevention of development of seizure 
discharges. Each stimulus produces activating effects, 
but besides this, also inhibitory phenomena. These are 
partially structurally determined (e.g., on- and off- 
elements) and partially are dependent upon dynamic 
factors such as the activity of the stimulated sub- 
stratum before the stimulation took place and the 
parameters of stimulation used. Owing to a temporal 
and spatial dispersal of the facilitatory and inhibitory 
processes, considerable shifts in the balance of excita- 
tion are prevented (Jung and ecoll.). In the cortex 
the tendency to synchronization of excitation is not 
only influenced within a large degree by local reg- 
ulatory mechanisms but also by the state of activity 
of the unspecific projection mechanisms of the brain 
stem reticular formation. According to results obtain- 
ed by direct threshold measurement (Caspers) the 
convulsive excitability of the cortex diminishes by 
about 20-30 per cent below the average level during 
wakefulness when the reticular excitatory state is 
enhanced by direct, peripheral or cortical stimulation. 
Conversely this cortical convulsive excitability in- 
creases by about the same amount above the initial 
value, when the activity of the unspecific projection 
system is inhibited by spontaneous or electrically 
induced sleep, light anaesthesia or after often repeat- 
ed central or peripheral stimulations. These results 
suggest that the development of convulsive activity 
can only in rare cases, if in any, be related to the 
disturbance of a single inhibitory factér at the site 
where the convulsive activity develops. 


10. Conditions for the development of seizure ac- 
tivity in experimental epilepsy. — R. JuNG, 
Freiburg/Br. 


The author discusses the development of local 
seizure activity in the iso-cortex in response to elee- 
trical stimulation and strychnization. The exper- 
iments were based upon recordings from single neu- 
rones and of the surface activity recorded with con- 
ventional electrodes. Development of epileptic con- 
vulsive activity presupposes disturbances of the normal 
regulation of cerebral activation and of braking 
mechanisms. On the basis of microelectrode records 
taken in regions of the cortex with afferent input, 
three physiological anti-convulsive braking mechanisms 
of neurones can be differentiated, which in the normal 
brain, prevent the development of the convulsive 
activity: (1) stabilizing activity of the A-neurones 
which are not influenced by afferent stimuli; (2) 
the balance of excitation and inhibition in the activity 
of the neurones influenced by afferent stimuli — 
(a) simultaneous and reciprocal excitation and inhibi- 
tion of several antagonistic neurones, (b) consecutive 
pre- or post-excitatory inhibition of the same neurone 
— (3) inhibition of over-excitation characterized by 
diminution of the living frequency of the neurones 
in response to high frequency afferent stimulation. 

After electrical stimulation fundamentally dif- 
ferent reactions to low and high frequency excitation 
are noticed: single stimuli or low frequency stimuli 
below a repetition rate of 8 ¢/sec. produce constant 
inhibitory pauses with secondary activation but no 
epileptiform discharges. With higher frequency stim- 
ulations from 10-100 c/see. the neurones become able 
to discharge also during the inhibitory pause and are 
apt to precipitate in every normal brain an epilep- 
tiform discharge, provided that the duration and 
intensity of the stimulation is of sufficient magnitude. 
Before the convulsive stage the microrhythms show a 


prolongation of the primary wave and the single 
neurones show repetitive discharges without prolonged 
inhibitory pauses. 

After strychnine administration there is a similar 
prolongation of the primary wave with enhancement 
of the secondary waves and the single cells show the 
transition from a single or twin discharge to repetitive 
discharges. It is postulated that the single electrical 
stimulus produces a short-lived summative facilitation 
and a more prolonged inhibition. It is also assumed 
that the inhibitory mechanism fatigues with rapidly 
repetitive stimuli and is paralyzed by strychnine. 


11. The spread of epileptic excitation. — E. MULLER, 

Dortmund. 

The spread of the after discharges outlasting the 
applieation of chemical or electrical stimuli, which 
are considered characteristic for epileptic excitation, 
was investigated in unanaesthetized, but immobilized 
rabbits. It was found that epileptogenic discharges 
can primarily be induced only from the old cortex, 
especially from Ammon’s horn, from the neo-cortex 
from certain parts of the diencephalon such as the 
anterior thalamic nucleus and from the amygdala. It 
is still uncertain whether the nucleus caudatus has 
to be added to the list of the structures from which 
convulsive discharges can be directly elicited. These 
structures can be considered as potential foci of an 
epileptogenic discharge. The more caudal parts of 
the brain do not have the aptitude to act as a focus. 
They are acting upon the epileptogenic areas as 
modulators. Strong stimuli applied to these modulators 
can produce an outlasting after discharge of higher 
structures. The abnormal excitation spreads from the 
primarily epileptogenic area into other regions via 
anatomical pathways. However, the structural rela- 
tionships are not always respected, especially they 
never are respected for a long period of time. Due to 
changes in excitability new ordinarily not involved 
pathways, become opened to the spread of epileptic 
discharge. From a certain moment on the epileptic 
excitation becomes generalized and it is not possible 
to pinpoint the area the involvement of which would 
be crucial in the generalization process. Though the 
structural relationships should not be neglected it is 
necessary to point out that the diffusion of the epilep- 
tic excitation can only partially be regarded as a 
structural problem. 


12. Cerebral circulation oxygen supply of the brain 
and epileptic attacks. — H. GANsuHIRT, Diissel- 
dorf. 

Cerebral circulation and oxygen uptake of the 
brain are normal in idiopathic epilepsies in between 
attacks (Kety and Schmidt, Brobeil and co-workers, 
Ganshirt and co-workers). Diminution of cerebral 
circulation and oxygen uptake in the interval between 
seizures in patients with epilepsy due to tumours or 
due to increased vascularization in arterio-venous 
aneurysms are determined by the underlying disease. 
A comparison of tumours of the same histological type 
and similar localization with and without symptomatic 
epilepsy shows that tumour patients with seizures 
show a significantly lower cerebral circulatory rate 
than is found in normal individuals, but a statistically 
validated higher rate of cerebral circulation and 
cerebral oxygen uptake than tumour patients without 
epileptic seizures (Ganshirt). During the attack 
cerebral circulation and oxygen uptake of the brain 
increase (Gibbs; Lennox and Gibbs; Penfield and co- 
workers; Geiger and Magnes; Schmidt, Kety and 
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Pennes). The cause for the increase of circulation 
is inerease in CO, tension, formation of lactic acid 
and perhaps liberation of acetylcholine. The diminu- 
tion of glucose and the high energy phosphates as 
well as the accumulation of anorganiec phosphate and 
of lactic acid during the attack indicate an increase 
of liberation of energy and of anaerobic glycolosis. 
The cerebral circulation increases during the epileptic 
attack by about 60 per cent and the oxygen uptake 
of the brain increases by about 100 per cent (Kety 
and co-workers). The output of electrical potentials 
as measured from scalp records increases by about 
12 times during the electro-convulsive seizures (Meyer- 
Mickeleit) and when recorded directly from the sur- 
face of the brain the increase is about 50 times the 
resting value (Jung). The output of electrical poten- 
tials is not proportional to the aerobic energy pro- 
duction because it is dependent also upon the degree 
of synchronization and because the anaerobic energy 
production cannot be calculated from the oxygen 
uptake. If the doubled oxygen uptake of the brain 
during the seizure is used in Krog’s formula and 
applied to a standard tissue cylinder of cerebral cortex 
and if furthermore one considers, when doing so, that 
the oxygen reserve (Opitz and Schneider) of the brain 
is exhausted due to the apnoea and the increased 
oxygen consumption by the convulsing musculature 
during the generalized epileptic attack, one can com- 
pute that the oxygen tension in the cerebral tissue 
during a generalized seizure is locally diminished 
below 19 mm Hg. Despite the increase of circulation 
the cerebrum during an attack becomes deficient 
in oxygen. Thus the conditions are fulfilled for the 
development of anatomically detectable lesions of the 
tissue. Experimental investigations proved that strych- 
nine discharges and electro-convulsive seizures can 
be shortened by lack of oxygen and can be prolonged 
considerably by supplying oxygen (Kornmiiller and 
Noell; Gellhorn and Hymans; Ruf). With complete 
arrest of circulation (occlusion of the aorta or pul- 
monary artery) and after disappearance of the elec- 
trical spontaneous activity the brain can still be in- 
duced to produce convulsive activity by applying a 
diffuse electrical stimulus (Gianshirt). The brain is 
still therefore able to convulse even without oxygen. 
Lack of oxygen in the brain can precipitate seizures 
because the nervous tissue becomes hyperexcitable by 
the depolarization induced by the hypoxia (Lorente 
de N6). Anoxia produces inhibition of convulsive 
activity because of lack of energy and because the 
tissue becomes unexcitable. The degree of the hypoxia 
and the intensity of the pathological stimulus together 
with regional differences in the susceptibility to lack 
of oxygen (high altitude convulsions) determine 
whether and when lack of oxygen will produce con- 
vulsions. 


13. Chronic focal epilepsy in animal experiments. 
— STEINMANN, Cologne. 


In experimental research of epilepsy the standard 
procedure to produce chronic epileptogenic phenomena 
is the Kopeloff method. Depending upon the species 
of animals used, 0.05-0.1 ee. of alumina cream applied 
to the cortex or to subcortical nuclei are necessary to 
produce manifest seizure phenomena which occur for 
the first time after a latent period of several weeks 
to several months. Most studied, so far, were the con- 
vulsive manifestations produced by such lesions in 
the sensory motor region of the cortex, as well as in 
the temporal cortex and in certain sub-cortical areas. 
The behaviour disturbances in temporal and occipital 
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epileptogenic lesions described in the literature were 
briefly summarized by the author. More closely de- 
scribed was the course of the bioelectrical changes in 
the region of the lesion, in the remainder of the 
cortex and in certain sub-cortical areas. Especially 
the variability of the temporal foci was analyzed 
closely because of their great importance for clinical 
problems. With the aid of several experiments with 
removals which were checked on model experiments 
the possibilities and limitations of a successful sur- 
gical therapy were finally discussed. 


14. Synchronization phenomena of neighbouring in- 
tracerebral nerve cells. — R. voN BAUMGARTEN 
and K. P. ScHAEFER, G6ttingen. 

The action potentials of neighbouring nerve cells 
in the cortex and in another series of experiments in 
the reticular formation of the lower brain stem-in the 
cat were studied with extracellular micro-electrodes. 
The electrical phenomena were displayed on the cath- 
ode ray oscilloscope and photographed at a high film 
speed. With this method the following temporal rela- 
tionships between single discharges of neighbouring 
ganglionic cells were found: 

(1) Loose coupling, i.e. not always constant but 
statistically validated relationship of firing of two 
or several units. 

(2) Rigid coupling, i.e. constant synchronization 
of two or several units. 

(3) When the firing frequency is forced to in- 
crease due to electrical or pharmacological influences, 
there are continuous transitions from loose to rigid 
coupling. 

(4) According to the rules of relative coordination 
developed by von Holst, it is the unit with higher 
discharge frequency which exists a ‘‘magnetizing 
effect’’ upon the less frequently discharging unit and 
therefore determines its timing of discharge. 

(5) The thus synchronized unit can, according 
to its own propensity to discharge fire within its 
assigned discharging period either immediately before 
or immediately after the synchronizing unit. 

The last finding together with other observations 
demonstrate clearly that within a period of at least 
30 msec. before and after the discharge of a rythmical 
unit, the propensity to discharge increases in its extra- 
cellular environment in an area which includes that 
occupied by neighbouring cells. These rhythmical 
variations of the local conditions favouring discharge 
of nerve cells act independently from the non-synaptie 
time relations and can be considered as late effects 
of a preceding discharge or as effects exerted by a 
third element acting as a pace-maker. 

Extracellular synchronizing phenomena favour the 
hypothesis of von Gerard and Libet and Bremer and 
other authors according to which in epileptic con- 
vulsive activity one has to reckon with non-synaptie 
‘‘ephaptic’’ spread of convulsive activity besides the 
proprogation mediated by nervous pathways. 


15. Convulsive discharges of single cortical neu- 
rones. — O. CREUTZFELDT, Freiburg/Br. 
Micro-electrode records of convulsive discharges 

of single cortical neurones were demonstrated together 

with ‘‘macro-records’’ of the EEG. The convulsive 
discharges were precipitated by electrical stimulations 
at 10-50 ¢/see. applied to the cortical surface close 
to the micro-electrode. Often the convulsive discharge 
of single neurones start only 100-500 msec. after the 
end of stimulation and only with long durations of 
these stimulations were seen to start already during 
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stimulation. In convulsive discharges of a tonic-clonic 
sequence one observes first that all neurones show 
simultaneous continuous activity with discharges be- 
tween 10-50 ¢/see. rarely with higher frequency dis- 
eharges up to 300 ¢/see. which are not co-ordinated 
with each other. In the EEG one observes first only 
small waves with a frequency of 10-50 c¢/see. and 
later larger convulsive potentials. After the tonic 
stage there is in certain cases a stage of ‘‘clock- 
work’’ activity, characterized in the EEG by very 
regular epileptogenic potentials at 10 c/see. The 
single neurones show unitary discharges synchronized 
with the EEG which occur singly or in short bursts 
of 2-5 discharges. In the following clonic stage the 
EEG shows either single large epileptogenic potentials 
or short bursts of potentials with increasing intervals. 
The single cell discharges appear synchronously with 
these EEG potentials in high frequency bursts with 
discharge frequencies ranging from 50-300 ¢/sec. and 
even reaching sometimes 700 ¢/sec. The duration of 
these bursts is different with different neurones and 
they may consist of 2-20 discharges. Towards the end 
of the convulsive period the frequency of the bursts 
and of their single discharges diminishes. After the 
paroxysm there is quiescence for at least 10-20 sec. 
Until a-normal discharging rhythm of the single neu- 
rones is resumed at least 1 min. elapses. There are 
numerous deviations from this ‘‘typical’’ course of 
convulsive events as illustrated by the author with 
several examples. Two mechanisms of altered neuronal 
activity during the cortical convulsive attack have to 
be considered: (1) a pathological increase of activity 
of the single neurone, and (2) a tendency to abnormal 
synchronization. The enhancement of activity of the 
single elements is preponderant during the tonic stage 
and therefore the single neurones discharge in an 
uncoordinated way during this phase. On the other 
hand in the clonic stage synchronization with group- 
ing of discharges predominates. ; 


16. Investigations concerning cerebral metabolism 
during electroencephalographic convulsive activ- 
ity and in petit mal attacks. — Heycx, Zurich. 


In 2 female patients with epilepsy and easily 
induced generalized convulsive activity in the EEG 
it was possible to determine the cerebral arterio-venous 
oxygen difference with the method of Haldane con- 
tinuously before and after the attacks. The first 
patient showed, with little Cardiazol, multiple spike 
and wave patterns without clinical manifestations of 
a duration of more than 10 min. The second patient 
after stroboscopic stimulation without any use of 
drugs or hyperventilation showed during 5 min. al- 
most uninterrupted by clinical ‘‘absences’’ with as- 
sociated typical 3144 ¢/sec. spike and wave discharges. 
In both patients the resting electroencephalogram 
until the beginning of the provocation of these 
phenomena was entirely normal. The first case showed 
a small increase of arterio-venous oxygen difference 
which was within normal limits and in temporal rela- 
tionship with the application of the Cardiazol. In the 
second case, a very minute increase of the arterio- 
venous difference receded, already during the attack, 
to the pre-seizure level. This indicates that there 
was only a small increase of cerebral metabolism 
which was in no quantitative relationship with the 
increase of electrical activity as measured in the 
EEG. Cerebral anoxemias and their sequelae in epilep- 
sy are therefore unlikely to be related to an increase 
in activity of cerebral neurones as suggested by the 


EEG and as assumed by Jung and others, but they 
are apparently related to those circulatory disturb- 
ances which only occur with tonic-clonic seizures 
(Scholz). The hypersynchrony is no measure for the 
increase in cerebral metabolism. The author demon- 
strates the EEG records, the data of the measure- 
ments of the arterio-venous differences and their 
temporal relationships. 


17. “Expansive” psychoses in epilepsy with EEG 
changes. — Faust, Freiburg. 


(Abstract not submitted. ) 


18. Investigations of free amino acids and peptides 
with high voltage electrophoreses with special 
consideration of epilepsy. — Hemmer, Freiburg. 


With the aid of high voltage electrophoresis 
modified for the clinical use by Heilmeyer and Clot- 
ten it is possible to investigate the substances respon- 
sible for the non-protein nitrogen in the blood, espe- 
cially the free amino acids and the peptides. Animal 
experiments are discussed in which the free amino 
acids and peptides were investigated after continuous 
cortical stimulation and after electro-shock with un- 
inhibited and inhibited motor discharge. The results 
show a marked shift of the amino acid spectrum even 
when motor discharges are suppressed. Especially an 
increased break down of dicarbonic acids and glu- 
tathions is remarkable under those circumstances. 


19. The importance of the vaiue of background 
cerebral activity related to vegetative tonus for 
the cortical EEG. — H. Hipptus, Berlin. 


In stimulation experiments with strychnine per- 
formed on the cerebral cortex of the rabbit, Janzen 
and co-workers showed a topical differentation of cor- 
tical epileptogenic potentials in the electrocorticogram. 
With this experimental technique it is possible to 
demonstrate not only a relationship of the character- 
istics of the convulsive activity dependent upon the 
locus of stimulation, but also dependent upon the 
frequency of the background rhythms. With inter- 
mediate frequencies groups of convulsive single dis- 
charges at the locus of stimulation occur for instance 
in a precentral strychnine focus. With increase of the 
frequency, the number of single convulsive discharges 
belonging to a particular group increases and the 
number of these convulsive single discharges per unit 
of time rather decreases because the intervals be- 
tween the groups of single convulsive discharges be- 
come more prolonged. With pronounced increase of 
background frequency isolated electro-convulsive dis- 
charges may occur. If background frequency goes 
below normal range, the groups made up of single 
convulsive discharges disintegrate together with a con- 
comitant increase of the number of single convulsive 
discharges per unit of time. With even more pro- 
nounced decrease of background frequency the single 
convulsive discharges become more and more rare 
until they finally disappear completely. In _ these 
experiments it was seen that it is irrelevant whether 
the changes in background frequency are of sponta- 
neous origin or artificially produced, e.g. by drugs. 


Since the changes in background frequency are 
considered as the expression of changes in the veg- 
etative tonus it can finally be concluded that besides 
a topical differentation the background activity, re- 
flecting the vegetative tonus, plays an important role 
in the elaboration of cortical convulsive potentials. 
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20. Endogenous epilepsy of the rat and its response 
to anticonvulsive medication. — QUADBECK, 
Heidelberg. 

In numerous rat strains one can observe a high 
incidence of epileptic seizures. These occur sponta- 
neously and are especially easily precipitated by 
auditory stimuli. There is a hereditary disposition for 
these convulsions and it is therefore possible to breed 
rats with a high incidence of seizures. In the course 
of two years, the incidence of seizures in a strain 
could be increased by inbreeding from 52 per cent to 
56 per cent. Besides the hereditary factor the pro- 
pensity to convulsions of the single animal is in- 
fluenced by several external factors such as nutrition, 
the weather and there is also a cycle of variation 
during a 24 hour period. The convulsions can be sup- 
pressed for prolonged periods of time by the use of 
anti-convulsive drugs. A single administration of 200 
mg. substance/kg. body weight given by mouth pro- 
tects 50 per cent of the experimental animals even 
with intense auditory provocation. With Zentropil 
protection lasts for 24 hours, with Mesantoin for 27 
hours, with Mylepsin for 44 hours, with p-Brom- 
Nirvanol (Heyden 8127) for 94 hours with Phenurone 
9 hours and with Tridione one hour. There is there- 
fore a considerable correlation between the anti- 
convulsive activity in the rat and the efficiency to 
control grand mal seizures in man. Sinee there is no 
such parallelism for electroconvulsive seizures as well 
as for the chemically induced attacks, it is probable 
that the spontaneous epilepsy of the rat perhaps is 
more closely related to grand mal epilepsy in man 
than those forms. It is therefore considered that such 
rats are good subjects for model studies on epilepsy. 
(Film ) 


21. Excitatory pattern in pre-central foci. — K. 
SCHMALBACH, Cologne. 


The author reports on experiments carried out on 
23 cats with chronic epileptogenic foci according to 
the method of Kopeloff and on 10 eats with focal 
discharges produced by electrical stimulation or 
strychnine application. All these foci were located 
in the motor cortex. The recordings from the cortex 
and depth recordings obtained with needles implanted 
in sub-cortical structures showed typical excitatory 
patterns in different stages of development of the 
epilepsy, the motor manifestations of which often 
showed the picture of epilepsia partialis continua. 
The acute experiments which were performed with 
the same recording technique shed light upon a com- 
pletely different aspect of epilepsy since in this form 
the counter-regulations typical for chronic processes 
are absent. Patterns with typical formations of sharp 
waves in the region of the focus were seen in records 
taken from the bone and the lability of the situation 
in the brain before the outbreak of an attack was 
demonstrated. The author demonstrates with dif- 
ferent depth recordings sub-cortical discharges in 
rostral parts of the brain which often show a much 
more intense convulsive activity and may or may not 
be synchronous with the cortical discharges. In these 
eases there is no participation of the amygdaloid 
nucleus in the convulsive activity. The author also 
cautions against the overrating of the phenomena 
derived from inspection of the actual record. 


22. Chlorpromazine sleep as an electroencephalo- 
graphic activation method. — D. BerEnTE and 
T. Irn, Erlangen. 


309 
Previous electroencephalographic investigations 
have suggested that chlorpromazine (Megaphen, 


Bayer) fosters dysrhythmic activity and activates 
discharges of epileptogenic potentials. Chlorpromazine 
sleep was, therefore, used as a diagnostic provocation 
method. Sleep induced by chlorpromazine is very 
similar to physiological sleep. However, the partic- 
ular effect of the drug is still clearly recognizable by 
the tendency to rapid increases in amplitude, slowing 
of the rhythms and synchronization of grouped dis- 
charges. These peculiarities are already seen before 
the patient goes to sleep and are still recognizable 
during sleep. Chlorpromazine exerts its activating ef- 
fect especially upon mild dysrhythmias, minor sharp 
waves and sequences similar to convulsive activity. 
These phenomena are accentuated in direction of a 
more unequivocal epileptogenic manifestation. The 
advantage of chlorpromazine activation is due to the 
fact that relaxation and sleep can be obtained in 86 
per cent of the cases with almost none of the disturb- 
ing pharmacological side effects as seen with bar- 
biturates. For the activation of circumscribed cortical 
foci this method is however surpassed by other activa- 
tion procedures. For the EEG diagnosis in children 
chlorpromazine administration is a good preparatory 
measure and easy to handle. 


23. Activation by Megaphen and Cardiazol. — 

E. W. Funrcetp, Marburg. 

Based on previous investigations (published in 
the Arch. Psychiatr. Zlsehn Neurol., vol. 194) the 
present one was carried out. The method consisted of 
mixing 2 ec. equal to 50 mg. Megaphen with 100 ee. 
equal to 300 mg. of Cardiazol (according to the body 
weight of the patient) with 15 ec. of an isotonic blood 
salt solution (Jonosteril). The injection was slow 
at a rate of 1-2 ce. per min. As soon as recognizable 
changes appeared in the EEG the injection was dis- 
continued. Immediately afterwards a short period 
of hyperventilation was induced. The anxious excita- 
tion which usually seizes the patient with Cardiazol 
injection atone does not occur due to the quietening 
effect of Megaphen. Both drugs together exert, as 
has already been shown, a summative activating effect 
upon the EEG. 

Among the 17 patients reported in this series 9 
times a more precise EEG diagnosis was possible. 
Four cases suffered from idiopathi¢ epilepsy, 4 from 
focal epilepsy and onee a theta wave focus was ob- 
served. Even during continued anti-epileptic medica- 
tion an activation procedure is sometimes indicated 
in certain cases. With focal lesions without an in- 
creased tendency for seizures the method is also useful 
in giving more precise informations. 


24. The hypnotic and sedative drug N-Phthalyl- 
Glutaminic-acidimid as a useful activator in 
electroencephalography. — A. WALKENHORST, 
Bochum-Langendreer. 


The author points out to the large number of 
activating procedures in electroencephalography and 
to the limitations of each single method. With sleep 
activation the choice of the drug used for activation 
was discussed. It was thought that Contergan, a 
glutaminie acid derivative with a closed ring structure 
similar to piperidine, was very useful since it is 
characterized toxicologically by a remarkable lack 
of toxicity and since pharmacologically it exerts a 
pronounced central sedative and hypnotic effect which 
develops rapidly and without an initial excitatory 
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stage. Quite in contrast to barbiturates it does not 
show a nareotie effect and produces in the EEG of 
healthy persons an activation of the alpha rhythm. 
With a dosage of 200 mg. given by mouth and with 
an average duration of action of 114 hours it was 
possible to obtain positive activating effects in 72 
out of 99 cases with epilepsy and in 24 out of 26 
cases with cerebral tumours showing a normal resting 
electroencephalogram. A comparison was carried out 
with the effects obtained in epileptics after admin- 
istration of N-Methyl-eyclohexenylmethylbarbiturates 
at a dose of 250 mg. given by mouth and with the 
investigations carried out under exactly the same 
conditions. Only 23 out of 99 cases showed a positive 
activating effect. In epilepsies an increase of the 
positive effects of activation with increasing feeling 
of fatigue was noted but this was not observed in 
patients with cerebral tumours. The testing of the 
administration of higher doses in epilepsies is dis- 
cussed as well as the activity of Contergan as a useful 
activator in traumatisms, vascular processes and in 
other cerebral diseases. 


25. Clinical and experimental EEG investigation in 
epileptics and healthy individuals with Preludin 
(2 - phenyl - 3 - methyl -tetrahydro -1, 4-oxacin- 
hydrochloride). — BocHNik and SPIEGELBERG, 
Hamburg. 


This analeptic and fatigue inhibiting oxazine com- 
pound exerts, besides this effect a mild central cir- 
culatory influence. Transient increases in blood sugar 
concentration are only observed with intravenous 
administration. Clinically Preludin has been of use in 
eases with apathy without internal restlessness and 
as an active therapeutic agent in endogenous, re- 
active, psychopathic and organic cerebral diseases 
as well as in states of exhaustion (Spiegelberg). Pre- 
ludin became better known as a drug able to inhibit 
the appetite. During the phase of recovery from 
disease, however, the stimulation by this drug also 
produces an increase in body weight. In its action 
Preludin has to be classified as somewhere between 
eaffein and the amphetamines and this has been cor- 
roborated by physiological and psychological investiga- 
tions. Magoun and co-workers observed in animal 
experimentations that Preludin produced a transient 
inhibition of cortical strychnine spikes. 

In order to investigate whether this ‘‘ergotropic’’ 
drug administered in epileptics would be capable of 
improving their slowing and apathy without any 
danger of producing seizures, the drug was admin- 
istered in 22 eases in large intravenous doses ranging 
from 50-300 mg. with simultaneous EEG control. In 
cases in whom there was a certain incidence of gross 
mental changes the tendency to seizure activity as 
measured by the EEG was not changed in 16 cases. 
In 3 eases there was improvement and in another 3 
an impairment, one with occurrence of a generalized 
seizure. It is unknown to what extent in these in- 
stances incidental changes of activity may have played 
a role. 

Diminution of a tendency for seizures precipitated 
by exhaustion by Preludin can be obtained since this 
drug acts against the fatigue. This is very remarkable 
from a therapeutic point of view. + 

In 3 narcolepsies, in 5 cerebral diseases of viral 
origin, in 5 general anaesthesias induced by Evipan 
as well as in an experimental alcoholic intoxication 
there was a disappearance of fatigue but no changes 
in the EEG attributable to Preludin. 


In one psychopath and 3 epileptics 2 periods of 
abnormal behaviour without EEG changes were ob- 
served which developed on a background of vegetative 
affective decompensation due to the Preludin. 

In a control group of 14 individuals without any 
cerebral disease there were despite a rather marked 
influence on the mental state no gross EEG changes. 
As in other groups fatigue was inhibited and the elee- 
troencephalogram sometimes became regular and beta- 
alpha activity was occasionally activated similar to 
what has been described by Colombati and Canerstrari. 

In therapeutic oral doses of 25-50 mg. no activa- 
tion of seizures was observed in epileptics. There is 
a certain caution to be exerted in psychopaths inclined 
to become drug addicts. 


26. Concerning the problem of Cardiazol threshold. 
— Hans KELLER, Munich. 


_ The author reports first on the findings in 100 
cases observed at the department of neurosurgery at 
Ischl and at the university neurological clinie of 
Munich, in whom fractionated Cardiazol and barbitu- 
rate activation measured in mg/kg. body weight were 
carried out. In patients showing previously a normal 
EEG and in eases in which pathological disturbances 
were suspected on clinical grounds or were clearly 
demonstrated, 26 normal EEGs were recorded, 21 
border line tracings were obtained, and 53 abnormal 
records observed. An unspecific and a specific Car- 
diazol threshold was distinguished. Specific changes 
were most frequently seen in cerebral seizures and in 
tumours much more rarely in cerebral disturbances 
of traumatic or other origin and almost never in 
attacks of non-epileptic origin. The average values 
of the thresholds and the activation in convulsive 
disorders of various origins suggested a certain trend: 
the highest thresholds were found in psychogenic and 
non-epileptic convulsive disorders, relatively high 
values were found in post-traumatic epilepsy some- 
what lower ones in symptomatic epilepsy, still lower 
values in epilepsies consecutive to cerebral damage 
having occurred in early childhood and the lowest 
thresholds in idiopathic epilepsy. Furthermore it was 
attempted to answer the question whether any con- 
clusions could be drawn concerning the incidence of 
seizures from the measured level of the Cardiazol 
threshold. Surprisingly enough it was found that the 
highest Cardiazol threshold was found in cases show- 
ing an incidence of 2-4 seizures a month, whereas in 
patients having only one or two seizures every 6 
months, and in those having very frequent seizures, 
2 a week or even more, the threshold was found to 
be low. Since these data were obtained in a rather 
limited number of cases confirmation with re-studying 
of a larger group of patients is advisable. 


27. Influence upon epileptogenic activities exerted 
by substances acting upon blood vessels. — J. 
KUGLER, Munich. 


The author carried out clinical and experimental 
investigations on the time course of EEG changes in 
epileptics occurring after injections of drugs known to 
be active on blood vessels. 

Papaverin (0.05 g. in 10 ee. of isotonic saline 
injected over a period of 5 min.) and Hydergin 
(0.38/10 ce. over 5 min.) produced an activation as 
evidenced by increase in amplitude, decrease in fre- 
quency, number of pathological discharges, duration 
of paroxysmal discharges and increase of the delta 
index. The pulse frequency and blood pressure usually 
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decreased somewhat during this time. In contrast 
to this blockades of the stellate-ganglion on one side, 
with 10-20 ec. of Novocain at a dose of 10 ce. given 
intravenously over a period of 5 min. or at a dose 
of 20-50 ce. given subcutaneously and intramuscularly, 
betanicotinie acid derivatives (Ronicol, Dilatol) and 
Euphyllin (0.24/10 ce. over 5 min.) all produced, 
though with certain differences in the time course 
a diminution of the amplitude with increase of the 
frequency, diminution of focal discharges and shorten- 
ing of the paroxysmal discharges. The validity of 
these findings was checked with control investigations 
when venous punctures for withdrawal of blood were 
carried out and in other controls where drugs of an 
entirely different type of action were injected. 

Contradictions with the experimental, clinical and 
pharmacological findings of other authors were found. 

The author discussed the following aspects of the 
problem: 

(1) The complex activity of vaso-motor changes 
with subsequent metabolic reactions. 

(2) In agreement with other authors the opinion 
is expressed that vascular spasms cannot be con- 
sidered as primarily involved in the genesis of epilep- 
tic attacks. 


28. The use of Pyrifer as an activation method. — 
H. E. Kenrer, Jun., Miinster. 


It was attempted to activate the electrical ac- 
tivity of the cerebral cortex in epilepsies and other 
cerebral diseases by Pyrifer hyperthermia. The pro- 
cedures consisted in giving to patients which pre- 
viously showed a negative or uncharacteristic EEG 
an injection of 50 units of Pyrifer (strength 1). 
About 24 hours later an EEG was recorded. 

With this method of provocation, more or less 
pronounced dysrhythmie disturbances, diminished fre- 
quencies and increased amplitude of discharges were 
obtained in 9 epileptics. These changes increased 
under hyperventilation. Clear focal changes when pre- 
viously only generalized disturbances or normal ac- 
tivity were present were observed in 5 cases. The lo- 
calization of these electroencephalographie foci were 
almost all lateralized on the same side on which the 
pneumoencephalogram had indicated the location of 
the lesion. In 6 patients without cerebral disease such 
pathological EEG changes after Pyrifer activation 
were not found. This type of activation was not sue- 
cessful in 3 epileptics, 2 of which had cortical and 
one questionable psycho-motor attacks. In other pa- 
tients without attacks, in whom the pneumo-enceph- 
alogram showed some residual cerebral damage this 
type of activation produced a mild generalized dys- 
rhythmia without focal signs, but with absent alpha 
activity. 

The activation of the EEG does not oceur at the 
peak of the fever but after the decline of the hyper- 
thermia, i.e. in the period of counter regulation. 

It is known that due to the increase of the blood 
globulins in inflammatory diseases the tendency to 
seizures in epileptics is diminished. Frisch, however, 
found that after a bout of fever there is always a 
counter reaction with a period of increased frequency 
and increased severity of attacks. 

Pyrifer injection is well suited for the EEG activa- 
tion, because it exerts a stimulating effect upon 
almost all central regulatory mechanisms and _ be- 
cause the effective counter-regulation following its 
administration is a physiological process which is most 
likely related to the processes which precipitate the 
spontaneous attacks in epileptics. 


29. Photic stimulation. — SCHAPER. 


The author reports on its experience with photic 
stimulation in 2000 children and adults. The cortical 
responses upon illumination of the retina are classi- 
fied into non-paroxysmal and paroxysmal reactions. 

The most important non-paroxysmal reaction is 
the simple harmonic synchronization characterized by 
the 1:1 relationship between frequency of the photic 
flashes and occipital responses. This response is dis- 
cussed in detail and its dependence upon age pointed 
out. Short reference is made to the sub-harmonic 
and multiple harmonic responses, as well as to the 
criteria of the pathologically significant asymmetries 
of the response. 

The paroxysmal reactions are divided into 3 
groups: (1) photic sensitivity, (2) photo-convulsive 
response, (3) photo-myoclonic response. In the latter 
according to clinical and electroencephalographie eri- 
teria 4 sub-groups can be observed. Findings: in 375 
children and adults without convulsive disorders and 
without neuropsychiatric symptoms, paroxysmal re- 
actions were activated in 3 per cent. In convulsive 
patients the number of findings of diagnostic signi- 
ficanee after normal breathing and hyperventilation 
were increased by 10-25 per cent. 

In neuropsychiatric syndromes and psychosomatic 
diseases such as in neurosis, vomiting, fainting, head- 
aches, umbilical colics, pubertary anorexia, asthma 
and others, paroxysmal reactions were activated in 
15-30 per cent of the cases. 


30. Photic stimulation. — LEISCHNER. 


The author points out that of the pharmacological 
activation methods in EEG practice have only a re- 
lative value. The results of photic stimulation in 
100 patients with organic brain damage from the 
‘¢Rheinische Landesklinik fiir Hirnverletzte’’ in Bonn 
are reported. In all these patients the resting EEG 
was first recorded then the EEG during a 5 min. 
period of hyperventilation and after this photic 
stimulation for 5-10 min. was carried out with the 
‘<Strobotest’’ apparatus of Schwarzer. First single 
flashes of a frequency of 2-30 ¢/sec. with a constant 
change in frequency were applied. Hereafter twin 
flashes were presented with intervals between the 
single flashes varying between 30-170 msec. The 
twin flashes were separated by intervals of 25-500 
msec. 

In the 100 patients investigated 36 cases showed 
additional changes in the EEG when compared with 
the record taken at the resting state and during 
hyperventilation. However, in only 22 instances these 
changes were of a pathologically significant character. 
Most of these changes consisted of waves in the theta 
frequency band or rarely in the delta frequency band. 
Only in a few cases convulsive potentials or focal 
dysrhythmias were encountered. Only in 4 patients 
photic stimulation alone was able to demonstrate a 
pathological EEG change. In 18 cases there was 
merely an accentuation of a previously detected path- 
ological finding. Localized disturbances were en- 
countered in 13 eases. It appeared that twin flashes 
were more potent than single flashes. 


31. Prodromal symptoms as an activating factor for 
the EEG in epilepsy. — K. PATEISKyY. 


In a certain number of epileptic patients the EEG 
at rest and during hyperventilation and with the 
usual activation procedures remains normal. A de- 
tailed study of the history, however, shows that such 
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patients often complain of disturbances between their 
attacks and especially in the prodromal phase and 
during the aura which can be explained by the 
mechanism which Potzl described as ‘‘ Erregungs- 
fang’’ [= capturing of excitation]. Such patients 
often give the history, that they suffer from periods 
of obsessional repeated memories often with a content 
describing the situation in which the first attack 
occurred or related to the original trauma which 
caused the epilepsy. The relatives of such patients 
often notice periods in which the patients show ner- 
vous tension without any apparent cause and vege- 
tative disturbances which often are followed by an 
attack. These patients were asked to come for an 
EEG examination at a time when they experienced 
these prodromal signs. In the majority of cases the 
EEG was found to be abnormal during this period. It 
is therefore possible to carry out EEG examinations 
in these patients at a period which is most opportune 
moment for finding abnormalities and this procedure 
can be equated to the efficiency of the activating pro- 
cedure. 


32. The EEG in poriomanics. — WissFELD, Frank- 
furt/ Main. 


The electroencephalograms in 50 poriomanics were 
normal in 26 and abnormal in 24 eases. Besides 
generalized disturbances with dysrhythmias and slow- 
ing of the rhythms, localized focal changes were found 
in 2 eases and in 10 eases epileptiform disturbances 
were brought out by hyperventilation. The majority 
of poriomanics are represented by epileptoid psy- 
chopaths (16) and patients with organic brain 
damage (11). More rarely one finds oligophrenia (7), 
neurotic conflicts (7), environmental factors (6) and 
unsteadiness of character (3) as the cause for the 
poriomanic urge to run away. Most of the EEG 
changes are seen in epileptoid psychopaths and in 
the patients suffering from organic brain damage, 
whereas the other groups usually showed a normal 
EEG. On the basis of the clinical and electroenceph- 
alographie findings one can assume that about half 
of the poriomanics show evidence for cerebral path- 
ology. On the other hand there are tansitory con- 
ditions between an organically determined cause to 
those which are of a purely psychological nature. 


33. Latent epilepsy in the EEG of children and 
adolescents presenting behavior problems. — 
EEN, Munich. 


More than 50 per cent of abnormal EEGs were 
obtained in 500 children and adolescents which were 
psychologically abnormal and presented a_ behavior 
problem. In none of these there was any indication 
for a convulsive disorder from their history. Quite 
frequently EEG signs of residual epilepsy (about 
50 per cent of the cases) were found and in 2/3 
of the cases these involved the left hemisphere with 
signs of focal convulsive discharges which were mostly 
found in the temporal region. ‘‘ Latent epilepsy’’ was 
found with clearly defined convulsive potentials mostly 
of the type encountered in temporal lobe epilepsy. 
Borderline findings described as ‘‘increased excitab- 
ility of the central nervous system’’ manifested them- 
selves in the form of bursts and synchroniztd dis- 
charges occasionally of a paroxysmal character with 
steep 3-6 c/sec. slow waves and some sharp waves 
which, however, did not assume the form of typical 
epileptiform potentials. 
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Besides hyperventilation a good activation pro- 
cedure in children was to take the record in the 
fasting state. Thus quite frequently epileptogenic 
potentials became more prominent and the EEG diag- 
nosis could be confirmed. 

Follow-up studies with EEG control records in 
these psychologically abnormal children and adoles- 
cents showing abnormal EEGs are considered as ne- 
cessary in order to arrive at a more clearly defined 
concept of the electroencephalographie (not clinical) 
concept of ‘‘latent epilepsy’’. 


34. Unexpected epileptogenic findings in several 
conditions with disturbed mood. — Bocunik, 
Hamburg. 


Irritable, depressive and maniform changes of 
mood without any alteration of consciousness as seen 
in some epileptics were considered by the classical 
psychiatry, on the basis of genetic and symptomato- 
logical arguments, as due to combination of epilepsy 
with cyclothymia, schizophrenia or psychopathic per- 
sonality changes. EEG investigations in relatives of 
epileptics, psychopaths, migraine patients and _ in 
children with behavior disturbances, umbilical colics, 
ete., showed that epileptogenic disturbances are often 
encountered besides more common functional changes 
of a different character. The author reports on the 
relationships between changes in mood and electro- 
graphic disturbances in the EEG which are not well 
known and which are demonstrated with a few clinical 
examples. The clinical picture in these patients often 
show atypical symptoms and complex changes. The 
frequent diagnostic question, whether this is a case 
of epilepsy or not, when paroxysmal changes are re- 
corded in the electroencephalogram, is an unfruitful 
approach to the problem. It is more important to 
evaluate the importance of the electrographic dis- 
turbance in relation to the single case to be studied. 
Such electrographic disturbances can be very relevant 
or only indicate the presence of an additional modify- 
ing factor, or it can be without any importance at 
all. The cerebral disturbances underlying these elec- 
trographic changes may determine or favor mental 
disturbances such as lack of inhibition, irritability, 
coarseness of character, changes of affectivity and 
of mental and motor speed, as well as vegetative 
changes and their paroxysmal manifestations. These 
changes can be associated with clinical syndromes not 
necessarily of an epileptogenic nature. The establish- 
ment of an abnormal EEG is also valuable as an 
ancillary finding since the institution of anti-con- 
vulsive therapy is sometimes helpful in the cases in 
view of the possibility to interrupt a vicious circle. 
Furthermore, the electroencephalogram is helpful in 
ambiguous syndromes where it is important to dis- 
tinguish between primarily organic or primarily psy- 
chogenie disturbances. The pathological EEG changes 
in the form of diffuse changes, focal disturbances, 
paroxysmal dysrhythmias and convulsive discharges 
are encountered in certain patients with very markedly 
abnormal personality and in paroxysmal and exogenous 
disturbances in patients suffering from endogenous 
psychosis. Etiologically, these disturbances are often 
related to early childhood cerebral traumas and to 
hereditary forms of dysrhythmia. 

Special mention was made by the author of pa- 
tients with long standing depressive syndromes and 
marked epileptogenic EEG changes without any clear 
history of epileptic attacks. These patients are some- 
times improved with anticonvulsive medication. 
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35. EEG in febrile convulsions. — SCHAPER. 


Investigations in children with febrile convulsions 
show that one out of 3 children later developed con- 
vulsions even without fever. In patients who were 
free of seizures for ten years, 40 per cent showed 
epileptogenic potentials in response to photic stimula- 
tion and therefore had to be considered as still po- 
tentially epileptic. From a practical point of view the 
conclusion is warranted that prognosis in febrile con- 
vulsions is rather serious. It is indicated to prescribe 
anti-convulsive medication for a long period of time 
after the first febrile convulsion and to prescribe an 
anti-pyretie drug as well, which the patient is ordered 
to take as soon as the first signs of intercurrent 
infections manifest themselves. 


36. Electroencephalographic and clinical observa- 
tions concerning the therapeutic effect of Dia- 
mox (Azetazolamid) in epilepsy and in condi- 
tions with increased intra-cranial pressure. — 
K. PateisKy and H. PEetscue, Vienna. 


Diamox is a potent inhibitor of carboanhydrase 
and produces alkalinization of the urine, slight 
acidosis of the blood, increase in CO, content of the 
tissues and excretion of water retained in oedemas. 
Diamox was first used as a dehydrating drug in order 
to arrive at a better localizing diagnosis in focal 
cerebral lesions attended by marked increase of in- 
tracranial pressure. Pathological changes in the EEG, 
however, showed improvement under Diamox, even 
when no oedema was responsible for the initial 
pathological changes in the _ electroencephalogram. 
With Diamox the duration and number of the 
paroxysmal discharges (paroxysmal delta, spike and 
wave complexes of any form, paroxysmal dysrhyth- 
mias) diminishes and dysrhythmie EEG patterns be- 
come more normal. There is an increase in the am- 
plitude and the regularity of the alpha rhythm. The 
activity of the focus itself is not influenced, but 
focal changes become more apparent because of the 
diminution of the diffuse disturbances. On the basis 
of these experiences Diamox was given a therapeutic 
trial in cases of epileptic status and in conditions 
associated with raised intracranial pressure (52 pa- 
tients). In epilepsies the therapeutic effect was best, 
as could be expected, when generalized paroxysmal 
changes were present. In epileptic status and in 
conditions associated with increased intracranial pres- 
sure Diamox was especially helpful since it exerts a 
two-fold effect, first dehydrating the tissues and 
secondly diminishing the excitability. 


37. Electroencephalographic studies concerning the 
action of LSD 25. — D. Bente, T. Itm and 
E. E. ScumiIp. 


In view of the fact that pharmaco-psychiatric 
forms of treatment as well as the classical treatment 
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with insulin coma and electro-schock result in the 
slowing of the spontaneous cerebral rhythms, the 
effect of the hallucinogenic drug Lysergie acid dia- 
thylamid (LSD 25 ‘‘Sandoz’’) upon syndromes char- 
acterized by slowing in the electroencephalogram was 
studied. The drug was given at a dose of 20-150 
gamma. 

Pre medication with LSD 25 inhibits the develop- 
ment of slow waves under the influence of Evipan and 
Pentothal. Slowing of cerebral rhythms due to chlor- 
promazine is also inhibited by LSD pre medication. 
In akinetic-abulic syndromes produced by combined 
Reserpin-chlorpromazine medication and associated 
with slowing of the background rhythms in the EEG 
as well as in similar EEG pictures due to repeated 
electro-shock treatments, LSD 25 produces an increase 
in acceleration of the cerebral rhythms with - conco- 
mitant reduction of the amplitude and finally induces 
periods of flat activity with beta rhythms. 

An impressive effect of LSD 25 lasting for several 
hours can also be observed in severe general dis- 
turbances encountered in epileptic patients. Here also 
there is a progressive accelleration and diminution of 
amplitude of the brain rhythms. Initially there is 
often an appearance of synchronized rapid rhythms 
occurring in bursts. Clinically, one observes in these 
eases often a transient sleepiness. When paroxysmal 
slow waves are present LSD 25 inhibits the slow 
components and produces an increase in spike activity 
and therefore can precipitate an attack. LSD 25 
therefore not only influences psychical function, but 
also exerts a marked effect upon cortical electrical 
activity. In view of the antagonistic effect produced 
by LSD to that produced by the new neuroleptic 
drugs interesting approaches to pharmaco-psychiatrie 
problems can be developed. 


38. Clinical diagnosis and the incidence of positive 
clinical findings in electroencephalograms show- 
ing pathological changes. — BEHREND, Hamburg. 


The problem of correlation of EEG changes with 
neurological syndromes has been often discussed. 
Divergent views which have often been expressed are 
partly due to the diversity of the patient material 
studied in psychiatric neurological and neurosurgical 
clinics. In the period from the Ist of January 1951 
to October 31st, 1955, 7449 EEGs were taken at our 
clinic on a total number of 6111 patients; 4592 final 
diagnoses were made. The material on which these 
figures were obtained consisted of out-patients and 
neurological and neurosurgical in-patients. These 
figures concerning the incidence of positive diagnosis 
in abnormal EEGs in a patient material including a 
multitude of different clinical diagnoses may appear 
surprising. They are, however, in accord with what a 
clinician expects from the EEG. The purpose of this 
study was to express this subjective experience in 
quantitative terms. 
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1. Electromyographic investigations of the elec- 
trically stimulated healthy and _ pathological 
muscle in man. — R. HumBerT, A. DEHOUVE 
and P. LaGet, Paris. 

The authors first describe the principles of a 
method of stimulation with remote control allowing 
to excite in man a normal and pathologic muscle 
through the skin and to record simultaneously its 
electromyographie response without any appreciable 
distortion by the stimulation artifact regardless of 
the duration of the stimulation. 

The square wave pulse used as the stimulus is 
perfectly well defined in duration and voltage and 
reaches the preparation directly and not by the 
intermediary of a train of high frequency waves. It 
allows the use of long time constant amplifier. In 
this report the authors expose the results in a certain 
number of normal and pathological cases, obtained 
with the aid of this method. Observations in adults 
and children are reported. ’ 

The records obtained with this type of electro- 
myography are presented for muscles showing partial 
or total degeneration and an analysis is given of the 
different aspects which the evoked fibrillation can 
assume. Its relationship with the ‘‘macroscopical’’ 
slow contraction and with the galvanotonus is out- 
lined. The systematic study of the provoked electro- 
myogram by stimulation of the healthy muscle shows 
that there is an extreme variety of responses which 
ean be thus obtained: direct, reflex or mixed. 

This variability is obtained regardless whether 
stimulation was applied to the nerve trunk or to the 
motor point or outside the motor point. These observa- 
tions lead to the study of the relationships which may 
exist between electromyographic responses and 
chronaximetry such as it is practiced in classical 
electro-diagnostic methods. 


2. Electrophysiological study of a trigimenal mono- 
synaptic reflex. — A. HUGELIN and M. Bonvat- 
LET, Paris. 

A brief electrical shock applied intracranially on 
the afferent branch (mesencephalic root of the 5th 
nerve) of Szentagothai’s trigeminal two neuron are, 
evokes a reflex discharge routinely, which may be 
recorded on the masseter nerve. 

The temporal course of the reflex potential and 
the conduction velocities measured on the different 
elements of the circuit show the existence of a com- 
plete homology between the functional characteristics 
of the afferent and efferent fibers of the trigeminal 
reflex, and those of the proprioceptive and motor 
fibers of the spinal myotatic reflex. The nuclear 
delay of about 1 msec. (minimum 0.85 msec.) which 
has been calculated seems to indicate that only one 
synapse is involved in the transmission of the re- 
sponse. 

The classical electrophysiological demonstration 
of a monosynaptic link is given by the sudden ap- 


pearance of a direct motoneurone discharge, without 
any shift of the reflex response, when the spread of 
current due to a stronger stimulus excites directly 
the motor nucleus. 

On the other hand, it has been observed that 
impulses from the supratrigeminal nucleus are elec- 
tively able to inhibit the masseterian motoneurones. 
This observation together with histological data de- 
monstrate the existence of an anatomically distinct 
structure responsible for inhibitory influences on 
the jaw closing myotatiec circuit. 

The interest of the above preparation will be to 
permit investigations on the effects of cortical and 
subcortical influences on the excitability of moto- 
neurones in the ‘‘encéphale isolé’’, that is to say by 
preventing the disturbing effects of anesthesia and 
sympathetic variations of reticular origin. 


3. A study of the cuff test under electromyographic 
control in latent tetany of the adult. — F. 
THIEBAUT, C. IscH-TREUSSARD, J. EBTINGER-JOUF- 
FROY and F, MAzougE, Strasbourg. 

In 150 patients above the age of 16 in which 
latent tetany was suspected, the cuff test under 
electromyographic control was practised. The ac- 
tivity was recorded in the first dorsal interosseous 
muscle. The ischemia was maintained during 10 min. 
by applying a blood pressure cuff to the arm. No 
concomitant hyperventilation was carried out. During 
the time of ischemia activity was noted in only 27 
eases. After removal of the cuff, repetitive activity 
with at least 5 discharges appeared in 73 eases. 
From the clinical point of view, it is important to 
note that there is a high incidence of positive tests 
in patients suffering from anxiety. The incidence of 
positive tests is definitely lower in those patients 
who complain about parethesias and visceral sensa- 
tions. There was no parallelism between a _ positive 
Chvostek sign and abnormalities in the electromyo- 
gram. The most interesting correlations are shown 
by the changes in clinical and electromyographic 
signs induced by treatment with calcium and A. T. 10, 
which was supplemented in refractory cases by the 
administration of Vitamin D and parathyroid ex- 
tracts. In 45 patients which showed a positive test 
follow-up studies before and after treatment could 
be carried out. In all these cases there was a striking 
parallelism between the clinical evolution and the ab- 
normality in the EMG. Clinical recovery was asso- 
ciated with disappearance of the EMG abnormalities 
and clinical improvement with attenuation of the 
EMG signs. In eases which did not respond to treat- 
ment, or where the treatment was insufficient, there 
was persistence of the EMG disturbances. 


4. Myographic analysis of electrical neural activ- 
ities. — P. DeLtMAsS-MARSALET, Bordeaux. 
The classical procedures of the analysis of the 
EEG attribute to the underlying components the form 
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of regular sinusoidal waves. The mathematical addi- 
tion of the sinusoidal forms according to the laws 
of Fourier does however not consider the refractory 
periods of nerve cells. 


The author’s studies on human striated muscle 
showed that the refractory period of this muscle 
appeared to be equal to that of nerve cells. Further- 
more, the mechanical response of the striated muscle 
to a faradie excitation of brief duration assumed a 
form which was very similar to that of an action 
current of a nerve cell. It therefore seemed that the 
combination in the same muscle of mechanical ac- 
tivities resulting from excitation by several faradic 
circuits, the frequencies of which could be regulated 
and combined at will, would produce a resultant curve 
more conform with the summated activity seen in 
the EEG than that obtained on the basis of summa- 
tion of sinusoidal components, a method which ignores 
the existence of refractory periods. 


The study of the mechanical results of such 
additions of known frequency components, and their 
comparison with identical forms seen in the EEG, 
could thus allow to know the frequencies which are 
the real components making up the morphological 
forms in the EEG. This is the principle which the 
authors call ‘‘myographic analysis of complex neural 
activities ’’. 

The technique used by the author is very simple 
and consists in stimulating the human biceps muscle 
by two, three or four different trains of non-tetanis- 
ing and sub-maximal faradie stimulations, at fre- 
quencies which can be regulated by the tyratron of 
each individual faradic apparatus. Each different 
faradie circuit ends in a large common electrode ap- 
plied to the biceps muscle. The contractions of the 
muscle are recorded with the aid of a Marey myo- 
graph on a Marey drum. Gas filled tubes isolate the 
faradie circuits from each other. The results show 
that where more than twenty sinusoidal components 
were necessary to produce a spike and wave complex 
by their additive summation, two components (acting 
upon the muscular receptors having a _ refractory 
period), were sufficient to reproduce this form by 
combination of frequencies which were always the 
same. Two components, the frequencies of which were 
modified, allowed to obtain all types of spindles seen 
in the electroencephalogram. With three components, 
it was possible to reproduce all the forms seen in the 
epileptic encephalogram. Fragments of the EEG, re- 
presenting activities of 10-13 sec., could be rigorously 
reproduced by combining frequencies and amplitudes 
of the muscular responses to excitation of the two 
or three faradie circuits. Illustrated samples of trac- 
ings were shown to underline the importance of these 
observations. 


Conclusions: 


1. This method of myographie analysis of com- 
plex electrical neural activities, allows to reproduce 
all the forms of spindles seen in the normal EEG 
and to define their elementary components. It shows 
how the ‘‘ perfect spindle’’ which is only realized for 
very small shifts of the frequency of each component, 
is in fact a mechanism which reduces as much as 
possible the addition of cerebral electrical activities 
to high potentials which could become harmful to the 
brain. 

2. From a combination of frequencies giving 
perfect spindles, one can by progressively modifying 
one of the components, see how all forms of ‘‘de- 
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graded’’ spindles can be produced which finally lead 
to the isolated spike. 

3. All of the abnormal forms of the epileptic EEG 
could be easily reproduced with two components only, 
or with three at the maximum (bursts of slow waves 
in a tracing with rapid waves, spike and wave com- 
plexes, sinusoidal waves, multiple spike and waves 
complexes). 

4. In cases where two components result in the 
formation of spindles comparable to those seen in 
the occipital electroencephalogram of a normal sub- 
ject, the production of a third component at a fre- 
quency of 4, 5, 6, 10 or 15 e¢/see. produced dis- 
turbances of the spindles in the same way as those 
seen in the occipital electroencephalogram when in- 
termittent photic stimulation with these frequencies 
is used. 

The author feels that the sum total of the ob- 
served facts cannot be explained on the basis of a 
mere analogy. This method is in fact an indirect 
analysis of complex electrical activities of the nervous 
system. 


5. An experimental study of certain convulsive 
drugs: their relationship of the excitability of 
the reticular system. — R. NAgquet, G. Dros- 
SOPOULO and G. SALAMON, Marseille. 

The authors report on a study of the effects of 
slow intra-venous injection of two convulsive drugs, 
Megimide and Cardiazol, in non-anaesthetised cats 
immobilized with Flaxedyl in which the spontaneous 
electrical activity of the cortex and evoked potentials 
were recorded. 

Both these drugs produced a slow synchronization 
of the activity but is was not possible with these 
experimental procedures to differentiate in a qual- 
itative way the effects of Megimide and of Cardiazol. 
Cardiazol of 2.5 per cent was used, the same as Me- 
gimide (5 mm. per ce.) The action of Megimide upon 
evoked potentials is similar to that of Cardiazol and 
modifies their form and distribution on the cortical 
surface as well as in reticular structures. It favors, 
as Cardiazol does, the appearance of epileptiform 
afterdischarge. The different activities evoked by 
these convulsive drugs can be influenced by direct or 
indirect stimulation of the reticular system. The 
authors describe two stages: the first, appearing 
with moderate dosage, where the modification induced 
by -these:.convulsive drugs consisting of slow .syn- 
chronization, modification of the form and distribu- 
tion of evoked potentials becomes reversible simultan- 
eously with the appearance of desynchronization of 
the record. With higher dosage, which produces a 
pre-convulsive stage, the reticular stimulation is no 
longer capable to desynehronize the record and has no 
or little effect upon the evoked potential. It may, 
however, precipitate a generalized seizure. 


6. Modifications of the electrical activity of the 
rhinencephalon. Behavioral changes induced by 
hypophyseal gonadotrophic hormones in the 
female rabbit. — J. Faure, Bordeaux. 

Awake, freely moving animals with implanted 
electrodes held in place by a plate were studied with 
polygraphie methods. The activities of the different 
parts of the rhinencephalon, especially of the Ammon’s 
horn and the corticomesial part of the amygdala, 
were recorded simultaneously with that of the ventro- 
medial hypothalamus. Subliminal electrical stimula- 
tions were carried out before the administration of 
these hormones in certain animals, whereas in others 
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only hormones were given. Histological verification 
of electrode positions were carried out when sacrific- 
ing the animals several months later. It was found 
that the gonadotrophic hormones ean produce the 
same behavior, the same vegetative variations and the 
same electrical changes as certain subliminal electrical 
stimulations. Histamine and acetylcholine favor these 
effects. 

Furthermore, the action of electrical stimulation 
was facilitated by the presence of gonadotrophie 
hormone. A_ typical olfacto-genito-sexual behavior 
appeared. During its course, changes in activity ap- 
peared in recordings from the amygdala, Ammon’s 
formation and the ventromedial hypothalamus. This 
olfacto-genito-sexual behavior and its variations could 
be reproduced by ocytocine. Therefore, a_ rhinen- 
cephalic participation in the process of regulation of 
diencephalo-hypophyseal mechanisms is suggested. 


7. The electroencephalogram during experimental 
attacks of asthma in guinea pigs: electro-anat- 
omical confrontations. — J. FAuRE, J. GRUNER, 
R. Qumicuini and J. Gueyne, Bordeaux. 

A polygraphie study was carried out in 10 freely 
moving awake guinea pigs which were placed in a 
glass cage, into which an aerosol of histamine was 
introduced. Death occurred after variable delays, but 
always fairly rapidly. The electroencephalogram and 
corticogram showed rhythmical discharges at 4-5 
e/sec. of a short duration followed by: rapid activity 
of low voltage and finally extinction. Respiratory 
and electrocardiographic changes were correlated with 
these variations. In subcortical structures the same 
variations were found, but in the hippocampal forma- 
tion and the lateral thalamus the most spectacular 
changes were observed and there was an earlier ex- 
tinction. On the other hand, use of a protecting drug 
showed that the amygdala, the hippocampal formation 
and the lateral thalamus were selectively involved. 
Anatomical studies of control brains suggest that the 
disturbances due to histamine associated with bron- 
chial spasms, consist of very particular disorders: 
vasodilatations, generalized hemorrhages of the brain 
which are most pronounced in the hippocampal forma- 
tion, the lateral thalamus, the basal ganglia, the 
brain stem and the cerebellum. Only Ammon’s horn, 
the lateral thalamus, the cerebellum and the temporal 
cortex showed edema when the attack was brief. 
There was, therefore, a close correspondence between 
the anatomical lesions and the bioelectrical dis- 
turbances. 


8. Cortical sensory responses in the cat (chronic 
preparation). Their modification during the 
establishment of temporary connections. — P. 
Buser and A. RouGEvulL, Paris. 

This study was carried out in animals with im- 
planted bipolar electrodes located in different cor- 
tical regions, particularly in the projection areas. The 
animals were exposed to different modalities of sens- 
ory stimuli (tactiles, auditory, visual), which were 
simple or combined. The evoked cortical responses 
were observed, with the method of superposition on 
a cathode oscillograph. 

As was previously seen in non-anaesthetised pre- 
parations (Buser and Borenstein) one can &sbserve 
sensory responses of a ‘‘secondary’’ character (poly- 
phasiques and of long latency) in chronic animals. 
These responses are found outside the primary pro- 
jection areas selected to the modality and site of the 
applied stimulus. These secondary responses showed 


greater variability than the primary evoked potentials. 
In the normal animal this variability can be corre- 
lated with certain psychological situations, among 
them that of conditioning. 

1. An intense and unexpected stimulus, provoking 
a orientation reaction and ‘‘activating’’ the cortical 
electrogram produces an abolition of these responses 
(external inhibition). 

2. When the attention of the animal is oriented 
to stimuli of a certain sensory modality, the record 
taken from the primary sensory area of this particular 
modality can show a transient appearance of a 
‘“secondary’’ response, evoked by a different mo- 
dality, or, if such a ‘‘secondary’’ response was al- 
ready existing, it may become enhanced. 

3. Finally, when a conditioning stimulus is reg- 
ularly combined with a different second stimulus of 
an unconditioned character, one observes a typical in- 
crease of the ‘‘secondary’’ response recorded in the 
primary area of the second stimulus when the first 
stimulus is applied. This particular reactivity of the 
‘*uneonditioned area’’ to the signal stimulus seems 
to be a characteristic of the establishment of a tempo- 
rary connection with what was already observed by 
other investigators. (Morell and Jasper 1956; and 
Jouvet and Hernéandez-Peén 1955). 

The authors think that nevertheless this may re- 
present a type of facilitation of cortical projections, 
which may occur also in other situations than condi- 
tioning. 


9. The cortical auditory response in man studied 
by an integration method. — J. Catvet, H. 
P. CATHALA, J. Hirscu, J. SCHERRER and F. 
CONTAMIN, Paris. 


The detection in the sealp electrogram of po- 
tentials evoked by a brief auditory stimulus was 
rendered possible by a method of integration which 
consists in transforming the electrocortical phenomena 
into variations of the luminosity of the sweep of a 
cathode ray oscillograph. The photographic record 
of 100 or 150 suecessive sweeps triggered by the stim- 
ulation forms the basis of the integration. The 
reading of these records with a photoelectric cell pro- 
duces a tracing of the customary aspect. 


The evoked auditory potential appeared in the 
form of a complex disturbance. After the latency of 
15 to 30 msec. one is able to distinguish a first group- 
ing of phenomena consisting of a polyphasic and 
rapid potential variation of a duration of 30 to 40 
msec. This is followed by oscillations which are 
rapidly damped. It is interesting to compare this 
auditory response with the one recorded in animals, 
and also with the response recorded in man by so- 
matie and visual stimulation, studied by the same 
methods of integration as is used here. 


10. The microvibrations of the body as an expres- 
sion of physiological tonus. — A. DENtkER, La- 
Tour-du-Pin. 


For two years the author has studied a new tech- 
nique based on the work of Rohracher, reported at the 
Symposium on Vegative Neurology, held in Vienna 
on the 30 July, 1954. 

The detection of the microvibrations is made pos- 
sible by a pickup device using sodium-potassium- 
tartrate erystals glued on the muscles of the dif- 
ferent regions intended to study. The changes are 
amplified and recorded with a magnetic oscillograph 
activating a pen writing device. 
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In normal man the microvibration had a frequency 
of 6-12 c/see. with an amplitude of 1 to 5 micra 
during relaxation. The tension of the muscles pro- 
duced an augmentation of the amplitude to ten times 
as great, without any change in frequency. During 
sleep, the amplitude was reduced to half of its initial 
value, and under anesthesia to a third of its initial 
value. During hyperthermia and in hyperthyroidism 
the frequency was augmented to 14 ¢/see. 

Only homeothermie organisms present these 
microvibrations. In guinea pigs, dogs, rabbits and 
mice, under hypothemia the amplitude is reduced and 
there are intervals with silence. 

In poikilothermic animals such as the toad, the 
frog, and the turtle, these vibrations could not be 
recorded. 

The absence of these microvibrations in poikilo- 
thermic animals and in hibernating animals, the aug- 
mentation of these vibrations by fever and _ hyper- 
thyroidism in homeothermie organisms, show that 
they are in relation with the physiological tonus and 
the cutaneous temperature, dependant upon impulses 
delivered by the autonomic nervous system. 

The recording of these microvibrations allows to 
recognize modification in the local physiology of the 
muscle, or the presence of central disturbances which 
affect different regions of the body. 

With this method modifications can be studied 
which are produced by different diseases such as par- 
kinsonism, multiple-sclerosis, amyotrophic lateral 
sclerosis, poliomyelitis, Aran Duchenne’s disease, cau- 
salgia, tropho-neuritic disturbances, Sudek and Le- 
riche’s disease, ete. 

This technique can be used as a complementary 
method to that of determining the chronaxy of electro- 
myography and electroencephalography. 


11. Technique and method of recording of ocular 
movements in neurology: applications of the 
method to the study of reading. — A. REMOND 
and V. GABERSEK, Paris. 


The use of oculography in Neurology led the 
authors to design an electrographic method of re- 
cording of eye movements. Thus the problems raised 
by the study of eye movements may be adequately in- 
vestigated. These problems belong to the field of 
neuro-ophthalmology and also deal with the study of 
the more subtle modifications of the specifie char- 
acteristics of ocular movements during reading as 
seen in different neuro-psychiatrie conditions. 

The authors use the ordinary electrodes em- 
ployed in electroencephalography. These are fixed 
upon special goggles which have already been de. 
seribed earlier. Eight electrode positions are usually 
recorded from, among which five at least allow an- 
alysis of the movements of the eyes and three others 
give the electroencephalographic and _ electrodermo- 
graphic background. The record is amplified either 
by an AC or DC amplification system. The subjects 
are seated in front of a table at a constant and pre- 
cise distance from a reading stand which is uniformly 
lighted. 

The standard examination comprises the follow- 
ing different stages: 


(1) The record of the spontaneous movements at 
rest with eyes opened and then with eyes closed (2 
min. strip of record for each). 

(2) Recording of the eye movements under com- 
mand with movement of gaze into the four cardinal 
directions, again with eyes opened and eyes closed. 


(3) Recording of the eye movements during the 
visual inspection of a geometric design and of colored 
plate (diagnosis of dyschromatopsias) or of a plate 
with fragments of a text (diagnosis of dyslexia). 

The tracings are analyzed from two different 
points of view. On the one hand, vertical deflections 
of the record are analyzed which correspond to eye 
movements and on the other hand, the time periods 
which separate these deflections and which correspond 
to the periods of arrest of eye movements. 


12. The displacements of the gaze during reading: 
I. The eye movements. — A. RéMOND, V. 
GABERSEK and N. LesévrE, Paris. 
Electro-oculographie records have been used for 

a long time in attempts to demonstrate abnormal eye 
movements, particularly in the study of nystagmus. 
This matter has been applied much less to the study 
of normal movements, for instance those occuring 
during reading. These latter were of interest to neu- 
rologists, but were particularly studied by psycholo- 
gists using photographic and cinematographic tech- 
niques. 

With the aid of a standard electrographic tech- 
nique described elsewhere, the authors were able to 
distinguish during reading four types of eye move- 
ments: 

1. Return movements to the line: L 


2. Rectifying movements: R 
3. Movements of progression: r 
4. Movements of verification: Vv 


Only the movements of progression are directed 
from the left to the right (in reading occidental lan- 
guages) whereas the other types of movements are 
directed from the right to the left. 

The authors demonstrate for these different types 
of movements a proportional relationship between the 
amplitude of the deflections corresponding to the mo- 
vements, and the angular excursions of the movements 
of gaze. 

A comparative study of the frequency of occur- 
rence of the different types of movements was made 
and this allowed to distinguish for each type a 
characteristic variation. The mean amplitude of the 
movements of each variety was studied in detail. The 
frequencies of occurrence and the amplitudes are 
compared and presented in detail for each normal in- 
dividual. 


13. The displacements of gaze during reading: II. 

The periods of arrest of gaze. —- A. REMOND, 

V. GABERSEK and N. LEsEvre, Paris. 

Using a technique described elsewhere, the authors 
recognized the usefulness to carry on an analytic 
study of the time periods separating the different 
types of eye movements during reading. The authors 
distinguish about ten different types of arrest of eye 
movements according to which type of movement pre- 
cedes and which type of movement follows each of 
these arrests. The proportional relationships of these 
types of movements were also studied. The duration 
of these arrests was studied with statistical methods 
and the difference of duration of each type under- 
lines the usefulness to differentiate them from each 
other. 

The simultaneous study of movements and arrests 
led to consideration of the nature of the positions of 
gaze during each period of arrest, the function of 
the visually analyzed object or of the text being read. 

A graphie representation of the findings, called 
‘*Scopogram’’ gives a useful summary representation 
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for each analyzed individual and each analyzed text. 
It allows to appreciate the different findings con- 
cerning the number and amplitude of the movements, 
as well as the duration of the periods of arrest and 
the position of the eyes during these periods. 


14. Efficiency of reading in normal subjects. — 
A. REMOND, N. LEsEvrE and V. GABERSEK, Paris. 
The findings which were obtained in studying the 

displacements of gaze during reading by distinguish- 

ing the nature of the movements and their amplitude, 
the duration of arrests of movement and the posi- 

tion of the eyes during arrests, were regrouped in a 

statistical study of a population comprising about 

100 individuals. 

It was then possible to recognize the amount of 
statistical dispersion for each of the variables and 
to attempt to interpret them as the function of the 
nature, the complexity and difficulty of the text, the 
length of the lines, the number of words or signs per 
line, the type of character of the print and the mean- 
ing of the text. 

The importance of the state of attention, of 
training and of cultural level and age appeared very 
clearly in this study. 


15. Electrodermogram recorded __ simultaneously 
with the EEG. — J. vAN Bork and A. Rémonp, 
Paris. 

In 200 patients having an electroentephalographic 
examination the authors studied the frequency of oc- 
eurence and the importance of electrodermographie 
changes of spontaneous onset which could not in any 
evident way be considered as psychogalvanic reflexes. 
These patients were chosen at random and were not 
submitted to any preparatory measures. 

The degree of this dermographic activity could 
be used to evaluate the effect of the ‘‘recording si- 
tuation’’ upon different individuals and could be 
compared with the electroencephalographie pattern. 

Only the ‘‘Targanoff effect’’ was recorded on 
the routine electroencephalographic apparatus in pa- 
rallel with the EEG. The aspects particularly studied 
were the amplitude of the crest of the first negative 
deflection and its time course. 

The following findings were obtained: a pro- 
gressive diminution though rather slight of the num- 
ber of electrodermographic changes with age. There 
is also a diminution of the amplitude of the electro- 
encephalographic changes with age. The absence of 
electrodermographie changes of apparently spontan- 
eous onset is much more frequently encountered in 
eases where the electroencephalogram shows signs of 
organic cerebral pathology. In the normal electro- 
encephalogram the electrodermographic changes are 
absent especially in individuals under treatment with 
chlorpromazine or barbiturates. 

There was a significant correlation between a 
large amplitude electrodermogram and a marked la- 
bility of the electroencephalogram. 


16. Temporal and spatial integration using the same 
apparatus. — A. REMOND, Paris. 

The apparatus for topographical analysis used 
for several years at the ‘‘Salpétriére’’ was re-designed 
in order to allow the use of the same apparatus as 
a topographical analyser and a topographical integra- 
tor. To this effect several changes were carried out 
and especially the time base was re-designed. The 
switching over of the apparatus from one use to the 
other can be carried out with a single switch. 


(1) A topographical analyser writes successively, 
at a frequency which can reach as high as 1500/sec., 
the contours of the potentials of a special electrode as- 
sembly. 

(2) A topographical integrator allows to isolate 
out of its spontaneous activity the contour of an in- 
stantaneously evoked potential recorded in a sensory 
structure at a fixed time after an applied stimulus 
which may have been presented up to several thousand 
times. 

(3) A time integrator isolating out of the spon- 
taneous activity of a sensory region the variations 
in time characterising a response evoked by an ap- 
propriate stimulus. 


17. The electroencephalogram in menstrual dis- 
turbances. — J. FAuRE and P. LoisEaAu, Bor- 
deaux. 

The correlation of the electroencephalographie 
pattern, the hormonal balance and the clinical history 
of women suffering from menstrual disturbances was 
studied by the authors. 

A series of 40 subjects with a complete endo- 
erine work-up was studied. This study is an addition 
to a previous series of around 250 patients which has 
already been reported. 

The methods used were the same but completed 
by an instrumental analysis. In this series the types 
of electroencephalographic patterns which were re- 
cognised previously and divided into five groups on 
the basis of electrical and hormonal changes were 
again encountered. This therefore confirms that it is 
the hormonal imbalance, rather than the clinical syn- 
drome which is correlated with the particular EEG 
characteristics. The study of the syndromes shows 
that the hypophysio-ovarian imbalance, hypothalamic 
amenorrhea, menopausal disturbances, certain types of 
hormonally determined obesity and adreno-cortical re- 
actions are the conditions which most often produce 
EEG changes in the series here presented. 


18. Contribution of the electroencephalogram to 
the diagnosis of lesions of the posterior fossa. 
Review of 131 verified cases. — R. GONSETTE, 
G. ANDRE-BALISAUX and J. CoLLe, Louvain. 

In this study the patients were grouped according 
to the localization of the lesion. The EEG was an- 
alysed in 25 tumors of the cerebellar-pontine angle, 
32 tumors of the cerebellar hemispheres, 11 abcesses 
and hematomas, 20 tumors of the midline (vermis and 
4th ventricle), 30 tumors of the bulb or pons and 
13 cases of intracranial hypertension without a neo- 
plastic lesion. The authors describe in these different 
eases changes of the EEG, whose particular morpho- 
logy and sensibility to functional activation proce- 
dures, helped to establish the clinical diagnosis. The 
records were abnormal in 74 per cent of the cases. 

On the beginning of the disease process one notes 
a slowing and instability of the background rhythm. 
Later localized theta activity in temporal and poste- 
rior regions is observed. This activity reacts only 
little to opening of the eyes, but is amplified by 
hyperventilation. The disturbance is never localized, 
except when the pathological process invades the 
middle fossa. In a more advanced stage, delta waves 
of an occipital or frontal localization appears, in- 
termingled with an altered background rhythm. This 
delta activity is reduced by opening of the eyes and 
with hyperventilation and corresponds to rapid pro- 
gression of the disease progress, and is more fre- 
quently observed in children. Completely disorgan- 
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ized records are observed in the terminal stages of 
the posterior fossa lesions. 

The age of the patient and the rapidity of the 
progression rather than the size or pathological na- 
ture of the tumor determines the severity of the 
EEG alteration. 


19. Localized paroxysmal electrical activities in re- 
cent, closed head injuries. Their diagnostic and 
prognostic values. — J. Courjon, Lyon. 


Localized paroxysmal discharges without any 
clinical symptomes were observed in 10 recent head 
injuries, and most of the time these changes were 
transient. They occupied mainly the occipital region 
in the form of slow waves, spikes of pseudo-rhythmical 
spike and wave discharges. These patients were most 
of the time in light coma and preserved responses to 
sensory stimuli in the form of paroxysmal slow waves 
which in general were symetrical over both hem- 
ispheres. In a third of the cases, anatomical lesions 
were discovered. Clinical progress was favorable in 
seven of these ten patients, but two later developed 
seizures. The location of the focus was identical in 
these cases to that of the initial paroxysmal dis- 
turbances. 

The discharges recorded in patients suffering 
from immediate post-traumatic seizures (most often 
in the form of epileptic status of focal origin) were 
more diffuse. The immediate progression was more 
severe. 

One can consider the subclinical discharges as 
merely the minor form of those which are accom- 
panied by clinical attacks. The difference is per- 
haps related to the severity of the cortical lesion, 
and also to the localization of the discharge. French 
et al. have indeed shown that the Rolandic region is 
by far the cortical area most sensitive to electrical 
stimulation. These paroxysmal electrical activities are 
the expression of a cortical lesion which cannot always 
be shown by arteriography. These changes do not 
imply necessarily any immediate serious prognosis, 
but the prognosis for the distant future has to be 
guarded because of the possibility of later clinical 
attacks which may occur as sequelae of the original 
trauma. 


20. Clinical and EEG signs of ‘‘digestive epilepsy’’. 
— M. BonbDuELLE and C. SALLOU, Paris. 


The authors studied the clinical and EEG signs 
of a form of epilepsy called ‘‘digestive’’ on the basis 
of 7 observations (5 children and 2 adults)pre- 
senting epilepsy with painful abdominal manifesta- 
tions. 


Definition: 

The purely clinical term ‘‘digestive epilepsy’’ 
has to be restricted to cases showing a predominance 
of digestive phenomena which are severe enough to 
consider the possibility of an abdominal affection 
(this raises the same semantic problem as for all 
the other varieties of so called visceral epilepsies). It 
is necessary to exclude from this group, the digestive 
manifestation, for instance salivation and nausea, 
which accompany a great number of epileptic attacks 
as other vegative phenomena, and will always remain 
in the background of the clinical picture. 

Also to be excluded are sensory epilepsies and 
clonic seizures localized to the abdominal wall, which 
have been reported to occur. 


Clinical signs: 

The pain is the major clinical symptom accom- 
panied by vomiting and nausea and sometimes by 
defecation. More characteristic than this polymorphus 
symptomotology without rhythmic time course (not 
really simulating a digestive affection) are the fol- 
lowing criteria: 
the paroxysmal occurrence; 
the occasional or past occurrence of epileptiform ma- 
nifestations brought out by the history consisting 
either of loss of consciousness or convulsive attacks 
following a digestive disturbance or alternating with 
it, in which case the diagnostic problem is easy; or 
manifestations reminiscent of psycho-motor attacks; 
or 
the more discrete signs of pallor during and som- 
nolence after the attack. 

In cases where the signs are discrete, rare or 
without any evident relationship to the digestive 
phenomena, the diagnosis is often that of a truly 
digestive disease. This diagnosis however is never 
satisfactory, even when repeated examinations are 
carried out. Very often it is only when later other 
epileptic manifestations occur, that the patient is 
referred to a neurologist. 


EEG signs: 


In the seven cases reported here, three types of 
electrographic patterns were observed: 

(1) Four times generalized changes without local- 
ized signs of a type usually associated with ‘‘es- 
sential’’ epilepsy. 

(2) On 1 occasion alterations of the petit-mal 
type with paroxysmal discharges of 3 ¢/see. spike 
and wave complexes. 

(3) On 2 occasions asymmetrical records with 
unilateral changes, however without a typical focus, 
in either temporal or frontal regions, as has been 
reported by other investigators. 

The distribution of electrical abnormalities as 
seen in the above grouping, is in accord with the 
notions now admitted concerning the digestive re- 
presentation on the cortical surface, and the role of 
the hypothalamus in the control of digestive activ- 
ities. 


21. Electrographic studies of syncope: (1) correla- 
tion between electrographic and clinical signs 
in 100 subjects with vasovagal syncopes. — H. 
and Y. GAsTauT, P. NAVARRANNE, M. Pirot and 
V. Ruepa-GaLvis, Marseille. 


All tracings were within normal limits, contrary 
to the opinion of Williams and Kershman, which 
found predominance of rapid rhythms and of slow 
rhythms respectively in patients with syneope. In no 
case was there any electrographic element character- 
istic of generalized or partial epilepsy. Furthermore, 
in no case did the Cardiazol activation prove the 
presence of an epileptic disorder, though on several 
occasions the syncope was precipitated with small 
quantities of Cardiazol. Compression of the ocular 
globes produced a cardiac pause of 3 see. duration 
or longer in more than half of the cases. In 20 
cases the pause was longer than 8 to 10 see. and 
was accompanied by clinical and electroencephalo- 
graphic signs of syncope. 


Conclusion 


From the theoretical point of view it seems that 
vasovagal syncopes have no relationship with epilepsy, 
not even with its ‘‘borderland’’. However, it seems 


366 SOCIETE FRANCAISE D’EEG 


that they are in relationship with a common state of 
vagal hyperreactivity which is well demonstrated by 
the oculo-eardiae reflex. 


From the practical point of view it seems that 
the subjects suffering from syncopes are often direct- 
ed to the electroencephalographer where they often 
raise a diagnostic problem as important as that of 
epilepsy. The solution of this problem is considerably 
facilitated if one systematically investigates the oculo- 
cardiac reflex with EEG and EKG recordings. It is 
however, not necessary to use Cardiazol injection, 
although it is interesting to know that it ‘‘activates’’ 
the syncopes in the same way as it does epileptic 
attacks. 


22. Electroencephalographic studies of syncope: 
(II) Electrical and clinical correlation in twenty 
subjects recorded during an attack of vasovagal 
syncope. — H. GastTauT, E. LuGAREsI and M. 
FIsHER-WILLIAMS, Marseille. 

All syneopal attacks were accompanied by a 
cardiac pause of long duration which occurred during 
compression of the ocular globes (immediate syncope) 
or 10 to 16 see. after the compression (delayed syn- 
cope). 

The succession of the electroencephalographie, elec- 
trocardiographic, electrodermographiec and_ clinical 
events, which precede an attack of delayed syncope 
allow to establish their relationship with a complex 
neuro-humoral mechanism, which itself is dependent 
upon activities and reactions of sympathetic and 
vagal origin. The immediate syncopes, on the con- 
trary, seem to depend upon a direct nervous mech- 
anism of reflex nature. 


The different manifestations of syncopes depend 
upon the duration of cardiac arrest: up to a duration 
of 6-7 sec. of cardiac arrest there are no EEG or 
clinical effects; from 8 to 12-13 see. there appear 
bursts of slow waves with more or less marked cloud- 
ing of consciousness, above 14-15 sec. there appears 
a tonic opisthotonic contraction often preceded and 
followed by one or two generalized myoclonic jerks, 
but never accompanied by a real tonic phase. This 
contraction is accompanied by flattening of the 
record, preceded and followed by bursts of slow 
waves. 

The convulsive manifestations of syncopal attacks 
are therefore different from those of generalized 
epilepsy both from the electrographic and clinical 
point of view. They are more similar, on the contrary, 
to tonic attacks of cerebellar origin and to decerebrate 
rigidity. They seem to depend, like the experimental 
attacks of anoxia provoked by Noell and Dombrowski 
and Ward, upon a telencephalic depression with re- 
lease of functions integrated in the reticular forma- 
tions of the lower brain stem. 


23. Electrographic and clinical study of provoked 
attacks: a method of study and diagnosis of 
epilepsy. — H. GastTautT, M. ViGouroux and 
C. Atvim-CosTA, Marseille. 

The authors emphasize the practical and theoret- 
ical importance of this method, with which they have 
provoked during ten years more than 2,000 partial 
attacks without any untoward accident. The recorded 
discharges can be broken down into two groups 
according to the topographical distribution of the 
recorded discharges: 

(1) Loealized discharges with the aspect of 
rhythmic spikes, usually seen in temporal or parieto- 


occipital regions and not necessarily accompanied by 
clinical symptoms in correlation to the functional 
significance of the firing territory (as e.g. visual 
disturbances of an elementary nature would be in oe- 
cipital discharges). The epileptogenic lesions when 
they are identified do not necessarily correspond in 
location with that of the paroxysmal discharges (thus 
the majority of occipital discharges are obtained in 
psycho-motor epileptics with normal visual fields and 
in whom the inter-critical EEG focus is localized in 
the anterior temporal region. Similarly, epileptics 
with a left temporal focus sometimes show paroxysmal 
discharges during attacks in the right temporal re- 
gion). 

(2) Focal discharges producing a diffuse change 
in the electrical activity, either in the form of dy- 
synchronization or slow hypersynchronization involv- 
ing the whole extent or parts of one or both hem- 
ispheres. (Fronto-temporal regions most often.) These 
discharges are usually accompanied by automatism 
and confusion and occur in subjects with an anterior 
temporal focus. 


(3) Finally, there are cases where during the 
same attack, localized and diffuse discharges become 
associated with each other in independent or concomit- 
tant, temporal and spatial relationships, with or with- 
out phase relations, mostly occurring in territories 
usually comprising the anterior temporal region, the 
frontal region, or the posterior temporal and parietal 
area. Clinically these complex attacks are usually of 
a psycho-motor type. 


Conclusions 


The knowledge of the clinical phenomena is es- 
sential for development of epileptology. It allows 
a new physio-pathogenetic classification of the epil- 
epsies which is more valid than the one based on 
the ‘‘static’’ basis of inter-critical discharges. It 
allows a quantitative redistribution of the different 
types of epilepsy. (Rarity of seizures of frontal, 
central, parietal and occipital origin secondary to 
local lesions, whereas there is a great number of 
attacks propagated to a distance from lesions re- 
sponsible for psycho-motor epilepsy.) 

This also allows to refute the inaccurate postulate 
as to the localizing value of the ‘‘signal symptom’’. 
(The majority of the occipital discharges with simple 
visual manifestations, depend upon anterior temporal 
lesions, whereas the majority of somato-motor attacks 
occur without lesions in the rolandic area.) This 
finally allows to define more precisely the indication 
for surgical operation (presence of paroxysmal sei- 
zure discharges on the side contra-lateral to that of 
the ‘‘inter-seizure’’ focus). 


24. Electrographic status epilepticus and integrity 
of psychical functions: report of a case. — L. 
Rovuvés and C. Rouvés, Saint-Etienne. 


During prolonged epileptiform paroxysmal dis- 
charges of diffuse distribution and spike and wave 
morphology there is almost always a disturbance of 
consciousness, sometimes clearly manifest, and at 
others only discovered by refined testing. According 
to the accepted opinion all cases with electrographic 
status showing diffuse spike and wave discharges are 
associated with a disturbance of consciousness varying 
between a slight clouding, to the most complete mental 
confusion. The case reported by the authors seems 
to be different from these general rules. 
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The patient was a man of 45 years of age, who 
previously had only presented rare and brief general- 
ized convulsive seizures since the age of 12 years. A 
systematic electroencephalographic examination was 
earried out. The tracing was characterised by a suc- 
eession of multiple spike and wave complexes of 
a rhythmical character interrupted by only very 
brief intervals of normal tracings no longer in 
duration than 5 sec. The epileptic abnormality was 
not modified by hyperventilation nor by opening 
of the eyes, nor by any stimuli applied in an 
attempt to render the patient more aroused. The 
patient did not show any behavioral disturbances. 
His conversation was clear and there were no defi- 
ciencies in calculation and reading, nor any signs of 
the slightest disturbance of consciousness. With inter- 
mittent photic stimulation, almost immediately a gen- 
eralized convulsion with predominantly clonic con- 
tractions was precipitated and shortly preceded in the 
EEG by a disappearance of spike and wave dis- 
charges. The mental functions returned rapidly to 
normal in parallel with the recovery of the EEG. 

The authors emphasize the following points: this 
adult male never had any minor epileptic manifesta- 
tions not even during childhood. There was complete 
absence of any disturbances of consciousness, during 
a period of electrographic status, with diffuse spike 
and wave discharges. This case is compared to an- 
other case observed by the authors in a child of 2 
years, in whom the EEG was recorded while the 
patient showed mental confusion. 


25. Electrographic changes in epileptics under Pen- 
tothal. The participation of the reticular forma- 
tion in control of epileptogenic discharges in 
man. — J. SCHNEIDER and G. THOMALSKE, Col- 
mar. 


The progressively activating and then depressive 
action of Pentothal upon the reticular system was 
studied in 100 subjects suffering from varied ep- 
ileptic manifestation (centrencephalic attacks, gen- 
eralized convulsive seizures, due to large and deep 
focal epileptogenic lesions involving cortical and sub- 
cortical structures outside the rhinencephalon, psycho- 
motor epilepsies of temporo-rhinencephalic origin, 
focal epilepsies due to lesions on the cortical surface, 
or immediately below, but outside the temporal re- 
gion). 

Three aspects of the disturbances presented by 
these patients were studied: 

(a) the electrographic disturbances of the stage 
of rapid electrographic activity (stage of sleep induc- 
tion and of reticular activation) and of the stage 
of K complexes (stage of deep sleep) occurring 
characteristically in the epileptic patient were observ- 
ed. These disturbances were characterised by the 
absence of a stage of rapid activity, the presence of 
paroxysmal dysrhythmiec phenomena and by modifica- 
tion of the Pentothal-induced K complex; 

(b) inhibitory and facilitatory changes of sponta- 
neous epileptic discharges were seen during the period 
of activation and of depression of the reticular forma- 
tion as induced by Pentothal; 

(c) the modification of responses to sensory 
stimulations of sufficient intensity to produce an elec- 
trographie or clinical and electrographic arousal re- 
sponse were studied. 

On the basis of these electrographic, clinical and 
neurophysiological data the authors propose a clas- 
sification of epileptic attacks occurring predominantly 
or exclusively during sleep. 


26. Clinical epileptic manifestations during treat- 
ment by chlorpromazine. — P. Soucacuet, P. 
DousstneT and B. p’ALTEROCHE, Clermont-Fer- 
rand. 


The activating effect of chlorpromazine (Largac- 
til) in epileptic patients and more specially in pa- 
tients with temporal lobe epilepsy is reported by 
the authors, who had the opportunity to observe a 
certain number of clear cut cases which form the 
basis of this report. 

In the women’s section of the Psychiatrie Hospital 
of Sainte-Marie in Clermont-Ferrand under the diree- 
tion of Dr. Doussinet, more than 400 patients were 
treated with chlorpromazine. Among these 400 pa- 
tients 14 presented epileptic manifestations. These 
14 patients never before had any epileptic episodes. 
During their treatment with chlorpromazine 5 had 
typical clinical attacks and others minor episodes 
which suggested the possibility of an epileptic dis- 
turbance, such as vertigo, absences, nocturnal in- 
voluntary micturition. 

It is however necessary to point out that though 
none of their patient had given any history or signs 
of epileptiform disturbance, all had been subjected to 
intense therapeutic procedures. Ten among them had 
received electro-shock therapy and 4 among them 
had been lobotomized. However, all EEG examina- 
tions were carried out more than six months after 
the last electric shock and 4 never had any electro- 
shock treatment. All patients had been hospitalized 
for a long time, and no suggestive evidence of ep- 
ileptic abnormality was ever encountered before they 
were placed under chlorpromazine therapy. 

This drug was administered in all cases by mouth 
in moderate doses, varying from 75 to 200 mg. but 
in all cases this therapy was carried out during 
prolonged periods of time, which were never shorter 
than two months. 

From the electrographic point of view three ob- 
servations deserve mentioning: 

(1) the types of abnormality recorded were fairly 
uniform. In all cases they were recorded from the 
temporal regions in the form of polymorph delta 
waves of more or less continuous character, spikes 
or bursts of dysrhythmic activity. These disturbances 
were either bilateral or unilateral, but in the latter 
case often switching from one side to the other be- 
tween successive examination, as is often seen with 
temporal lobe epilepsy ; 

(2) after withdrawal from chlorpromazine med- 
ication, the electrographic abnormality regressed, but 
only very slowly, over a period of 2 to 5 months 
following the discontinuation of the treatment. In 
certain cases when the treatment produced a clinical 
improvement of the syndrome, the reappearance of 
clinical psychiatric manifestations occurred when the 
tracing began to improve. The electrographic dis- 
turbances were seen to diminish when Gardenal 
(Luminal) at a dose of 5-10 eg. was added to the 
chlorpromazine treatment. In some cases the electro- 
graphic abnormalities regressed on discontinuation of 
the chlorpromazine treatment, but reappeared when 
the treatment was reinstituted ; 

(3) in view of these findings, it was legitimate 
to suppose that minor disturbances might be en- 
countered in other patients treated with chlorpro- 
mazine. Thirty patients in which no clinical evidence 
for any epileptiform disturbance was present were 
picked out at random. Twelve among them showed 
the same type of abnormality, but generally in a more 
attenuated form. The authors conclude that it is 
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necessary to be cautious in administering chlorpro- 
mazine, that EEG control seems to be necessary when 
this treatment is given for a prolonged period of 
time. Additional prophylactic administration of 
Gardenal is indicated in cases where the electro- 
encephalogram shows abnormality. 


27. Electroencephalographic studies of several activ- 
ating substances. — G. and J. VERDEAUx, G. 
DrossopouLo and P. CHAnoirt, Paris. 

The activation of the EEG by different drugs 
(chloralose, Metrazol and Megimide) in a great num- 
ber of epileptic and non-epileptic patients led the 
authors to define certain rules which should guide the 
use of these products. 

The practical interest of chloralose is limited to 
diagnostic investigations of petit mal if the diagnosis 
is not revealed by classical activation procedures 
(hyperventilation and intermittent photic stimula- 
tion). 

The results obtained with Metrazol are well 
known, and comparable to those obtained with Megi- 
mide. 

The authors, however, prefer the latter product 
because it is more easily handled, allowing to ob- 
serve the attack more acurately and because it does 
not produce anxiety. Despite its slow and progressive 
action, it is possible to reach a eritical stage. 

The attacks thus obtained by activation do not 
always allow a precise diagnostic conclusion, but their 
observation is essential for an electrographic and 
clinical study in certain patients. 

This study showed that a simple determination of 
the threshold is never sufficient in view of the in- 
constancy of a temporal relationship between the first 
paroxysmal disturbance and the onset of the attack. 

When this study is applied to patients in which 
the diagnosis of epilepsy was not made or remained 
doubtful, only the precipitation of a minor electro- 
graphic attack accompanied by corresponding clinical 
manifestation allows to affirm or to revise the 
diagnosis. However, the possibility of seizures of a 
very focal nature occurring in deep structures has to 
be considered since presumably such a seizure might 
occur, without any appreciable electrical disturbance 
recorded from scalp electrodes. 


28. The modification of the response to intermittent 
photic stimulation in patients suffering from 
hallucinations or from a syndrome of ‘“‘auto- 
matisme mental’’. — C. Leroy, Paris. 

The patients of the Villejuif Hospital were 
examined according to a standard technique. Twenty- 
one electrodes assembled in 7 tripodes were used, re- 
cords were taken with a ECEM EEG apparatus, a 
Epiphote stroboscope was used for photic stimulation, 
which was applied during opening and closure of the 
eyes using simple and twin flashes for more than 3 
min. 

The posterior tripode electrode assembly is placed 
as follows: the postero-inferior electrode rests at a 
point 1 em. above and outside of the occipital pro- 
tuberance and therefore close to the calearine fissure. 
The postero-superior electrode above the latter, at 
1 em. lateral to the mid-sagittal plane. This position 
is the one which gives the best record of the driving 
response. The temporal tripode assembly is placed 
in the usual fashion. 

Under these conditions the authors observed that 
in a considerable number of patients with chronic 


delusions responses at the second harmonic or more 
rarely at the first sub-harmonie frequency were re- 
corded in the anterior occipital and parieto-occipital 
regions, whereas the posterior occipital responses re- 
mained at the fundamental frequency. The more 
frequent types of responses were at 16 ¢/see. for 8 
e/seec. stimuli and even more frequently 18 ¢/see. 
responses were seen for 9 e¢/sec. stimuli. These re- 
sponses are remarkable by their fluctuations in time 
and space and appear often only for 2 or 3 sec., then 
disappear and later reappear again. While they occur 
the patient most often shows signs of lively interest 
for the stimulation. Much more often than other 
patients, these subjects experience this type of stim- 
ulation as ‘‘pleasant’’ or ‘‘nice’’ or ‘‘frightening’’. 
Sometimes the ‘‘pleasure’’ evoked by this stimulation 
changes into anxiety with the change of frequency of 
the stimulation. 

These reactions are not pathognomic, since occa- 
sionally they were also encountered in other pa- 
tients, for instance in hysterical women and in a case 
of depression which appeared several years after 
severe intoxication by carbon monoxide. Nevertheless, 
the correlation with the syndrome of ‘‘automatisme 
mental’’ seems to be quite clear. 


These responses have been distinguished from 
the second harmonic and sub-harmonie responses ob- 
served in normal subjects after opening and closing 
of the eyes, which is a generalized response, whereas 
in these patients one simultaneously records a direct 
response. 

The lability and richness of the various rhythms 
of patients with chronic delusions is astonishing. This 
is in contrast with the irregularity and homogenisation 
of the tracing seen under chlorpromazine which goes 
along with extension of the field of background 
rhythms to the detriment of some slow rhythms. 


In a work carried out with D. Sigwald the authors 
demonstrated that chlorpromazine favored the ap- 
pearance of myoclonic discharges in response to inter- 
mittent photic stimulation essentially on the basis of 
a recruiting phenomenon. 

In chronic delusions there might be hyperactivity 
in the association systems which becomes reduced 
with augmentation of recruitment under the effects 
of chlorpromazine. 


29. The differences in electroencephalographic ab- 
normalities of two forms of myxoedema in 
childhood, one due to thyroid insufficiency, the 
other to a cerebral disorder. — P. PAsSsOUANT, 
J. CApILHAc and R. JEAN, Montpellier. 


In 20 children of 2 months to 4 years of age, 
suffering from congenital myxoedema electroenceph- 
alographic examinations carried out jointly with other 
diagnostic methods, such as biological and biochem- 
ical investigations allowed to differentiate two types 
of myxoedema, one due to a thyroid insufficiency and 
the other due to an encephalopathy. The evolution 
of these disorders could be followed. Differences in 
the EEG patterns could be established: 

(a) in myxoedema due to thyroid insufficiency 
(10 cases) the EEG shows slow activity of low voltage 
and demonstrates a clear retardation of cerebral 
maturation ; 

(b) in myxoedema due to an encephalopathy (10 
cases) there are signs of localized or generalized 
organic brain disturbance with the most frequent 
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occurrence of abnormal activity being recorded from 
both frontal regions. 


The EEG changes induced by thyroid treatment 
show different effects upon the EEG in the two con- 
ditions. 

In myxoedema due to thyroid insufficiency the 
hormonal treatment produces a marked improvement 
of electrical activity with acceleration and stabilisa- 
tion of the background rhythms. When this treatment 
is insufficient or instituted too late, there remains a 
residual defect in maturation of the EEG, which is 
associated with a marked mental retardation. 


In the myxoedema of cerebral origin, only little 
effect of the hormonal treatment upon the EEG is 
noted. This mainly applies to the signs of localized 
cerebral damage, or to irritative abnormalities. 


The significance of the EEG in relation to the 
etiology of infantile myxoedema is discussed, especial- 
ly the effects of cerebral lesions and of anoxemia of 
the tissues. In cerebral myxoedema the anoxia asso- 
ciated with the hypothyroidism certainly contributes 
to the primary encephalopathy. 


30. Electroencephalograms of patients with tuber- 
culosis treated by cycloserine. Correlation of 
the EEG alterations with signs of clinical 
intolerance. — P. Nayrac and M. BEAUSSART, 
Lille. 


The purpose of this study was to evaluate the 
modifications of the EEG by ingestion of cycloserine 
and to correlate these changes with the clinical symp- 
toms in cases of intolerance to the drug. All cases 
were eliminated where the EEG was already abnormal 
before the treatment was instituted. 


Thus only 9 cases in children and 3 in adults 
could be used for this study. 


Changes seen in children. In the first group 5 
cases without signs of intolerance and 2 with minor 
changes of behavior leading to some agitation, the 
tracing remained unchanged. The second group in- 
cluded 2 cases who had convulsive attacks.. In one 
case two seizures occurred within 48 hours 10 days 
after the cessation of the treatment, and in the other, 
one attack six months after the initiation of the 
treatment. In both cases, the most interesting ab- 
normality consisted of an early appearance of slow 
waves at 2-3 e¢/sec. occurring in posterior head 
regions upon closing of the eyes. 


Changes seen in adults. In the three cases studied 
similar modifications with the same time sequence of 
development were observed, ten days after the begin- 
ning of the treatment, the alpha frequency became 
slower and 6 ¢c/sec. activity appeared diffusely over 
both posterior head regions. Fifteen days later this 
increased slow activity was even more marked, and 
3-4/sec. slow waves were seen. Still 15 days later, 
the tracings returned to the aspect they presented 
before any treatment was introduced. 


The following conclusions were drawn: in the 
case of the two children which presented convulsive 
seizures electroencephalographic abnormalities occur- 
red early and independently of the date of onset of 
seizures. This probably indicates that there was some 
pre-existing hyper-excitability. 


In adults it seems that some adaptive mechanism 
developed which counter-acted the disturbances pro- 
duced by the ingestion of cycloserine. 


31. A contribution to the study of periodical par- 
oxysmal discharges in the EEG. An observation 

on two unusual cases. — P. Nayrac and M. 

BeaussarT, Lille. 

The periodic occurrence of paroxysmal discharges 
which is particularly spectacular in cases of sub-acute 
sclerotising leucoencephalitis, was also seen in other 
conditions characterized by organic lesions associated 
with an inflammatory process. The correlation be- 
tween this periodic disturbance in the EEG and the 
organic process is evident. 

However, the authors observed two cases in which 
no organic alteration could be detected by various 
diagnostic procedures. One case presented generalized 
seizures with all the earmarks of an idiopathic ep- 
ilepsy. All abnormalities disappeared eight days after 
the beginning of barbiturate treatment. The second 
case was a chance discovery during the EEG examina- 
tion of an 11 year old child who presented signs of 
retardation of mental and sexual development. The 
EEG abnormalities in the first case manifested them- 
selves in the form of short generalized bilaterally 
synchronous bursts of one or two spike and wave 
discharges, or multiple spike and wave discharges, 
followed by two or three slow waves. In the second 
case numerous short bursts of slow waves and multi- 
ple spike and wave discharges of 2-24% ¢/sec. were 
seen, which only were observed over the right hem- 
isphere with maximum discharge consistently localized 
to posterior temporal regions. 

The authors compare the periodic disturbances 
in these two cases with those where organic altera- 
tions are known to exist. 


32. EEG findings in encephaloses. — P. PAssouanrt, 
J. CapmHac, W. WatterR and E. MoretTTI, 
Montpellier. 

This study deals with 15 patients suffering from 
presenile cerebral atrophy of the Pick or Alzheimer 
type. The diagnosis was based on clinical signs (pro- 
gressive dissolution of mental activities with memory 
disturbances and disturbances of wakefulness — 
aphasia apraxia, agnosia, convulsive and extra-pyr- 
amidal manifestation), and upon pneumoencephalo- 
graphic findings (ventricular dilation and cortical 
atrophy). In all cases the disturbances of the cer- 
ebral background rhythms were found. There was 
either a diffuse slowing of the background rhythms, 
or signs of a localized disturbance, or bilateral frontal 
delta activity. 

Epileptiform abnormalities were seen in routine 
recordings in the form of sharp waves recorded in 
temporal and frontal regions and occuring in bilateral 
synchronous discharges. These abnormalities were 
sensitive to Cardiazol and they were also confirmed 
in sleep recordings. 

The presence of disturbances in mechanisms of 
wakefulness were shown by the abolition of the 
blocking reaction to visual stimuli when the patient 
was awake and by the absence of cortical responses 
to auditory stimuli during sleep. Furthermore, the 
sleep tracing was rather featureless and monotonous 
and did not show the habitual fluctuations. 

These abnormalities are reminiscent of those ob- 
served in encephalitis and indicate a marked involve- 
ment of the subcortical regulatory systems. They 
constitute objective preofs for the presence of ep- 
ileptic abnormalities freauently seen in these patients, 
though often only in a minor form. These EEG 
findings also demonstrate the disturbances associated 
with the patient ’s confusion. 
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33. Clinical and EEG diagnostic of acute necro- 
tising encephalitis. Its interest in the study of 
cerebral abnormalities centred upon rhinenceph- 
alon. — J. RADERMECKER, Antwerp. 

The author had the opportunity to study at the 
anatomical and pathological laboratory of the Bunge 
Institute, the autoptic materials in 12 cases of acute 
necrotising encephalitis. Most of these observations 
have never been published before, and the cases are 
studied by different observers. The similarity of 
clinical course is most striking. The disease starts 
by an apparently banal infection episode with involve- 
ment of the upper respiratory tract, the digestive 
tract or the urinary system. Then a modification of 
the personality appears with disturbances of con- 
sciousness and progressive development of a stuporous 
state. The patient becomes bizarre, apathetic or in 
other cases he is anxious and agitated with periods 
of confusion and dream like states, or he presents a 
psychotic picture with tendency to suicide. Often 
some olfactory, auditory or other hallucinations appear 
before the patient becomes confused. When the 
patient is confused, there are often some epileptic 
attacks with no clear focal signs, mostly involving 
the motor system. Upon lumbar puncture in a certain 
number of cases some lymphocytosis was noticed, 
but this may be absent. In the early stages, the 
disease produces some fever. Death occurs due to 
cardiac and pulmonary causes or in coma with or 
without hypothermia. This most often happens _ be- 
tween the 5th and the 20th day of the disease. In 
certain cases the course may be much longer with 
transitory remissions and exacerbations. 

The inflammatory necrotising process involves 
the tips of the temporal lobe, the posterior part of 
the orbital gyri, the rhinencephalie areas, the hippo- 
campus and the cingular gyrus. From these regions 
bands of necrotic tissue extend into the hippothalamus 
and into the sub-ependymal layers. The insula is 
regularly involved. Similar lesions are sometimes, but 
not regularly seen on the convexity of the brain, in 
the first frontal convolution, along the interhem- 
ispherical fissure, in the second and third temporal 
convolution, the parietal region and adjacent area 
of the angular gyrus. One also observes small dis- 
seminated lesions in the form of glial and perivascular 
infiltrations in the hypothalamus, the nucleus dentatus, 
in the higher brain stem and even sometimes in the 
medulla oblongata. These disseminated glial lesions 
are small in comparison with the necrotising lesions. 

The EEG which was obtained in 4 of these patients 
showed a slow polyrhythmia of a variable degree 
of severity, as seen in all encephalitic processes. Fur- 
thermore there were areas of flattening of the record 
and large delta foci usually in the temporo-insular 
region. The pattern is also characterised by some 
epileptiform discharges in the form of slow spikes, 
often of a repetitive character recorded in the same 
areas. 

The author stresses the diagnostic importance of 
the clinical and EEG symptomatology in this form 
of encephalitis, or specific inflammatory cerebral 
reaction commonly described as acute necrotising 
encephalitis. 

The interest of this particular electrographic and 
clinical symptomatology is also pointed out*in view 
of the fact that the lesions predominantly involve the 
formations of the rhinercephalon. 


34. EEG findings in certain tropical forms of 
encephalitis. — G. Mmetro, G. CARDAIRE, A. 
PELISSIER and J. Bert, Marseille. 


The authors present observations of electroenceph- 
alograms in cerebral diseases typical for the tropics 
or at least very rarely seen in France. 

Leptospiroses. EEG abnormalities are in relation 
with the azotemia. 

Benigne multirecurrent meningitis. The abnor- 
malities in the EEG disappear with clinical recovery. 

Encephalitis type B. Very slow polyrhythmia. The 
rapid rhythms in anterior head regions observed by 
others could not be confirmed. 

Encephalitis following rabies vaccination. The 
disease appeared one year after vaccination. The 
clinical symptomotology was characterised by spasms 
and flexion. The EEG showed hypsarhythmia. 

Ricketsia encephalitis. This was a case of scrubb- 


.typhus with transient epileptiform sensitivity to photic 


stimulation. 

Two cases of typhus fever were seen, one with a 
transient myoclonic epilepsy and the other with a 
pseudo-idiopathic epilepsy. 

Leper. When mental disturbances were present, 
simple desynchronisation of the EEG was seen. 

Trichinosis. Six cases with normal EEG. 

Shigellosis. Slow dysrhythmia with irritative el- 
ements followed by marked sequelae. 

Disseminated nervous system parasitoses. Very 
variable tracings. 

Disseminated cysticercosis. No localized signs. 

Distomatosis. No signs during dissemination. 

Cerebral form of haematobium  shistosomiasis: 
One case with psychomotor epilepsy. 

Details reports on these observations are going to 
be published in Médecine Tropicale in 1957. 


35. EEG changes in three patients with epilepsy due 
to post-vaccinal encephalitis. — J. N. VALLAT 
and J. M. Leretit, Limoges. 


The authors presented a series of EEG tracings 
carried out in three patients who suffered from 
encephalitis consecutive to smallpox vaccination. The 
epilepsy was the major sequela of this disease. 

Both patients were adults and presented tonic- 
clonie generalized attacks associated with absences, or 
‘“sub-clinical absences’’, as judged by reaction time 
measurements. 

The third patient was a child who suffered from 
bilateral myoclonic convulsions and adversive fits. 

Repeated EEG examinations during the month 
following the acute phase of the disease showed the 
following changes: (a) non-specific abnormalities in 
the form of high voltage slow waves occurring in 
bursts and slow diffuse dysrhythmia with a vague 
foealization of sharper potentials; (b) abnormalities 
more specific for epilepsy, in the form of spike and 
wave complexes, or multiple spike and wave dis- 
charges of a bilateral distribution. 

These EEG findings allowed not only to make the 
correct diagnosis but also guided the therapeutic 
measures which were instituted, while at the same time 
acting as a control measure to evaluate this therapy. 

These three electroencephalographie and clinical 
observations of epilepsy due to post-vaccinal enceph- 
alitis invalidate the classical notion that neurological 
sequelae are rare after this form of encephalitis. 
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1. The influence of hypothalamic thermodetectors 
on cortical and motor activities. —- CURT VON 
EuLer and ULF SODERBERG, Nobel Institute for 
Neurophysiology, Karolinska Institutet, Stock- 
holm. 

The influence of hypothalamic and body tem- 
peratures on the EEG and gamma motor system was 
studied in cats and rabbits. Index of gamma motor 
activity was obtained by recording muscle spindle 
discharge from a muscle at constant tension. 

Moderate hypothalamic heating inhibited the gam- 
ma motor activity in both cats and rabbits. Excessive 
hypothalamic heating induced inereased discharge 
frequency in muscle spindles in rabbits. Moderate 
heating inhibited shivering in both species and in- 
duced cutaneous vasodilatation as well as other auto- 
nomic activities. Excessive heating induced restless- 
ness in rabbits. 

Moderate hypothalamic heating synchronized the 
EEG in both eats and rabbits. Excessive heating 
desynchronized, ‘‘aroused’’, the EEG in the rabbits. 

Simultaneous records of muscle spindle activity 
and EEG have demonstrated a close correlation be- 
tween these two events. Anaesthetics abolished more 
readily the influence of hypothalamic heating on EEG 
than on the gamma motor activity. Other exceptions 
from the correlation were also discussed. 

It is concluded that the effects of hypothalamic 
heating are mediated by common relays influencing 
both gamma motor and cortical activity. Hypothal- 
amic thermoceptive structures may thus, like most 
peripheral receptors, be projected upon the activating 
relay system of the brain stem. The muscle spindle 
test has been found to be a useful index of that 
system. 

Activation of the central cephalic relay system by 
various means was found to elevate the threshold 
temperatures for thermoregulating reactions with in- 
creased body temperature as the result. Correspond- 
ingly inhibitory reflexes lowered the threshold tem- 
perature for thermoregulatory events resulting in a 
fall in body temperature. Thus a mechanism is 
demonstrated for the ‘‘setting’’ of the ‘‘body 
thermostate’’. 

The significance of the results for homeostasis 
of body temperature were discussed. 


2. The cerebral blood flow during different EEG 
responses elicited by brain stem stimulation. — 
Davin H. INGvaAR, TorsTEN KRAKAU and ULF 
SGDERBERG, Department of Physiology, Univer- 
sity of Lund, Lund, and the Nobel Institute for 
Neurophysiology, Karolinska Institutet, Stock- 
holm. 

Measurement of the cerebral blood flow was ear- 
ried out in anaesthetized or ‘‘encéphale isolé’’ cats 
and the effects upon the EEG and the blood flow were 


studied after electrical stimulation of the brain stem. 
The usual EEG ‘‘arousal reaction’’ (cortical activa- 
tion) with an inerease of frequency and a retention 
or increase of amplitude was followed by a marked 
increase of cerebral blood flow due to a reduction 
of the cerebral vascular resistance. 

Another type of response to the brain stem stim- 
ulation consisted of a flattening of the EEG with 
only occasional slow waves. In most of these cases 
there were no significant cerebral circulatory changes. 
This type of response could not be explained as due 
to changes in respiration, in muscle tone or in 
systemic circulation. It also seems very unlikely that 
local cortical circulatory changes (vasoconstriction) 
could explain it. Anaesthesia was not found to be a 
prerequisite for the ‘‘flattening reaction’’. It is 
suggested that this type of reaction to brain stem 
stimulation, as well as the ordinary ‘‘arousal’’ (activ- 
ation) of the EEG, both represent physiological events. 

A sleep pattern could also be induced in the EEG 
by electrical stimulation of the brain stem. No cerebral 
vasomotor changes were observed when this pattern 
appeared. 

Some of the reactions described were also studied 
by optical frequency analysis ad modum Krakau 
(1951) and the correlation in time between the fre- 
quency of the EEG and the cerebral blood flow was 
determined. 


3. Activation with Megimide (8 8-methyl-ethyl 
glutarimide) in electroencephalographic inves- 


tigation of epileptic conditions. — S. FLODMARK, 
I. PETERSEN and K, STENBERG, The Clinical 
Neurophysiological Laboratory, Sahlgrenska 


sjukhuset, Gothenburg. 

Since the beginning of 1956 we have tested 
Megimide as an activating agent in electroenceph- 
alographic examinations. 

We used a 0.5 per cent solution, injected at the 
rate of 2 ce. (10 mg.) per min. Generally we did not 
give more than a total of 100 mg. or 2 mg/kg. body 
weight. After activation, in the event of seizures or 
of marked paroxysmal activity on the EEG, we 
administered 1-2 ce. narecotal intravenously. Prior 
to electroencephalographie investigation no anticon- 
vulsants had been administered for 1 to 2 days. 

We used Megimide in 50 patients with the diag- 
nosis of epilepsy — 33 of focal and 17 of non-focal 
type, the latter category including those with petit 
mal and bilaterally synchronous wave and spike activ- 
ity. 

: The effect of activation was divided into two 
groups: 

1. Effect on the activity present before injection 
of Megimide. An activating effect.on the EEG was 
obtained in 75-80 per cent of the cases (about the 
same effect as that reported by Cure et al. (1948) 
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in respect of Metrazol, administered by slow intra 
venous injection). The abnormal activity thus showed 
an increased amplitude and, moreover, it occurred 
to a greater extent than before injection of Megimide. 
In 13 eases with electroencephalographic focal ab- 
normalities both sharp waves and slow waves of theta 
and delta type were found in the same focus. Megi- 
mide activated each of these types of abnormalities 
at the same dose. 

The amplitude of the basic activity often in- 
creased, too, after Megimide. No arousal effect con- 
sisting of desynchronization of the basic activity was 
observed on the EEG. 

A few cases presented, on one and the same EEG, 
both bilaterally synchronous 3-4 per see. wave and 
spike complexes and a focal abnormality. Here Megi- 
mide activated these complexes before the focal ab- 
normality. Analysis of the series showed that focal 
abnormality was activated at a mean dose of 0.8 mg. 
per kg., but nonfocal abnormality at a mean dose 
of 0.5 mg. per kg. 

2. In 15 eases, not only did the existing activity 
increase, but some new type of activity appeared. 
In some of these patients the new activity was such 
— e.g., short bursts of bilaterally synchronous waves 
of theta or delta type — that its diagnostic signif- 
icance could not be evaluated with certainty. In other 
cases the new activity was more characteristic. Thus 
three cases presented a focal abnormality with slow 


waves. After Megimide, sharp waves too appeared in 
the same focus. In two patients with the clinical 
diagnosis of petit mal, Megimide was followed by 
bilaterally synchronous 3 per sec. wave and spike 
complexes that were not found in the resting EEG 
or in hyperventilation. 

In 8 cases Megimide produced some form of sei- 
zure: grand mal in 2, absences in 4, and psychomotor 
attacks in 2. Insofar as the clinical picture of previous 
seizures was known, Megimide elicited a duplicate 
of it. 

In 20 patients (some with epilepsy and the re- 
mainder with nervous diseases other than epilepsy), 
activation was done both with Megimide and by the 
slow method with 2 per cent Metrazol. These patients 
were closely questioned as to their subjective symp- 
toms, which in both methods were found to consist 
of dizziness, anxiety and nausea; in addition to which 
seizures might occur. The two methods of activation 


Showed no statistically significant difference with 


respect to these symptoms. 

Summarizing, activation with Megimide in this 
small series had an effect more or less similar to that 
which has been observed in activation with Metrazol. 
Drossopoulo et al. (1956) have reported a somewhat 
more favourable impression of Megimide as an activ- 
ating agent in electroencephalographic examinations. 


4. Electromyographical investigations of myasthe- 
nia gravis, — A. LILJESTRAND, Stockholm. 
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1. Electroencephalography in the newborn. — R. 

F. Harris, K. Ruopes, J. P. M. Tizarp and W. 

H. C. Watker, Postgraduate Medical School, 

Hammersmith Hospital, London. 

Electroencephalography has been carried out, and 
in many cases repeated at intervals, in 50 newborn 
babies. The objects of the investigation, which is con- 
tinuing, are firstly to obtain EEG records in normal 
babies for comparison with those done in cases of 
neonatal convulsions, and secondly to investigate 
whether or not the EEG will prove to be of any value 
in predicting the outcome of brain disorders in the 
newborn period. 

We propose to discuss: (1) the technique of elec- 
troencephalography in the newborn, and the problems 
we have encountered; and (2) the appearance of the 
EEG record in the newborn baby, under the condi- 
tions of our technique, with special reference to 
‘‘episodic sleep activity’’. 


2. Recent observations on the action of some drugs 
in relation to the reticular formation of the 
brain. — P. B. Brapiey, Medical School, Bir- 
mingham. \ 
Experiments in animals, using conscious chronic 

preparations carrying implanted electrodes and acute 

preparations (‘‘encéphale isolé’’ and ‘‘cerveau iso- 


1é’’), have shown that certain cholinergic drugs and 
acetylcholine antagonists, for example, physostigmine 
and atropine, produce effects on the electrical activity 
of the brain which do not correlate with behaviour, 
and that these effects are not abolished either by 
high spinal or mid-brain section (Bradley and Elkes 
1953). Drugs such as amphetamine and d-lysergic 
acid diethylamide (LSD 25) produce effects on the 
EEG which correlate with behaviour and these effects 
are abolished by spinal (LSD 25) and mid-brain 
(amphetamine) transection, respectively. The alerting 
effect of LSD 25 was seen to be dependant upon 
environmental conditions, whereas that of ampheta- 
mine was not. These results led to the suggestion that 
amphetamine may act directly on the reticular forma- 
tion, but that the action of LSD 25 might be more 
closely related to afferent collaterals entering the 
reticular formation at the brain stem level (Bradley 
and Elkes 1956). At the same time, it was suggested 
that the arousal system is probably not activated by 
a predominantly cholinergic mechanism. 

Similar studies with chlorpromazine (Longo et al. 
1954, Bradley and Hance 1955) have indicated that 
this drug probably has an action at the level of the 
reticular formation. 7 

In recent experiments the effects of these drugs 
have been studied on arousal produced by stimulation 
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of the reticular formation, and, in some eases, arousal 
to afferent stimulation (Bradley and Key 1956). 

The results obtained support many of the sugges- 
tions made previously. Atropine and physostigmine, 
although modifying EEG activity had no effect on 
behavioural arousal. Amphetamine progressively low- 
ered the threshold for arousal produced by direct 
stimulation of the reticular formation and LSD 25, 
which had no effect on this threshold, lowered the 
threshold for arousal to afferent stimulation. Chlor- 
promazine appeared to have little direct depressant 
action when compared with barbiturates, but readily 
blocked arousal to sensory stimuli. Thus, it is thought 
that this drug may have an action related to afferent 
collaterals entering the reticular formation. 


3. The mechanism producing tremor in healthy 
subjects: A review of the evidence. — A. M. 
Harimay, M. R. C. Neurological Research 
Unit, National Hospital, London. 


The first experimental investigation of the mech- 
anism responsible for tremor in healthy subjects was 
by Horsley and Schafer (Schafer 1886; Horsley and 
Schafer 1886). They showed the existence of a 10 
c/sec. tremor in voluntary muscular contraction and 
concluded from the results obtained by stimulating 
different parts of the motor system in animals, that 
the rhythm could be produced at spinal level. Later 
work, beginning with the observations of Jasper 
(1936) concentrated on the possible relationship of 
this tremor with the alpha rhythm recorded over the 
contralateral precentral area. Early reports of a close 
correlation (Jasper and Andrews 1938) have not been 
borne out by other workers (Travis and Cofer 1937; 
Lindqvist 1941; Friedlander 1952). Furthermore, the 
recent experiments of Sutton (reported in Hammond, 
Merton and Sutton 1956) have shown that tremor 
may behave in the opposite way to the alpha rhythm, 
and disappear on closing the eyes or on the withdrawal 
of a visual cue. Evidence has also been produced 
that the tremor rhythm is present in reflex move- 
ments occurring below the level of a clinically com- 
plete spinal transection due to transverse myelitis 
(Marshall and Walsh 1956). 


Sutton’s work emphasises the importance of the 
influence of higher centres in determining tremor am- 
plitude, and this is also clear from the many previous 
investigations of the influence of anxiety and emo- 
tional stress upon tremor. But all these investigations 
leave undecided the site of the mechanism determining 
tremor frequency. 


The tremor rhythm may represent: 


1. An intrinsic rhythmicity of the spinal moto- 
neurones or interneurones ; 

2. A rhythm reaching the motoneurones from a 
higher centre, not necessarily cortical; 

3. A self-maintained oscillation due to servo-in- 
stability in the stretch reflex are, or 

4. A mechanical resonance of the trembling part. 

Recordings of finger tremor in healthy subjects 
by a photoelectric method (Cooper, Halliday and Red- 
fearn 1957), when subjected to automatic frequency 
analysis, have shown the constancy of the spectrum 
of tremor frequencies and its independence of the 
mechanical properties of the part (Halliday and Red- 
fearn 1956) which dispenses with the last hypothesis. 
But neither this finding, nor the absence of any 
significant change in amplitude observed between two 
groups with more or less active reflexes (measured 


clinically as the tendon jerk) is against the servo 
hypothesis, as the behaviour of such a loop would be 
expected to be more or less independent of load and 
small changes in loop gain. 


Other evidence seems to be more decisive. In a 
series of patients with tabes dorsalis, showing varying 
degrees of deafferentation, the most severely deaf- 
ferented showed no characteristic tremor rhythm. 
Those partially deafferented, on the other hand, show- 
ed a much greater amplitude than normal (Halliday 
and Redfearn, unpublished). These results suggest 
that the presence of the afferent nerve fibres is essen- 
tial to the normal tremor rhythm, which is against 
the first of the three hypotheses, if this is taken to 
apply strictly to the alpha motoneurones. To decide 
between the second and third hypotheses, an attempt 
has been made to see if the frequency alters with varia- 
tion in the conduction delay round the loop, as would 
be expected on a servo hypothesis. The results of 
some preliminary experiments (Halliday, unpublished) 
in which tremor frequency has been measured with 
the limb at different temperatures, suggest that it 
does. 


4. The blink reflex and its possible relationship 
to the photomyoclonic response in man. — W. 
A. Coss and T. A. Sears, National Hospital, 
Queen Square, London. 


Although corneal stimulation is most affective a 
blink may be reflexly evoked by any unexpected stim- 
ulus, irrespective of the sensation aroused; in more 
extreme examples of startle the blink is only part of 
a stereotyped pattern of movement and posture (Lan- 
dis and Hunt): the progressive involvement of more 
of the musculature with increasing startle bears a 
striking resemblance to the recruitment seen in the 
photomyoclonic response to flicker. 


The pathways serving blink and photomyoclonus 
in man are incompletely known and a first need is 
knowledge of the latencies involved. The responses 
to various stimuli have been studied, using the EMG 
of orbicularis occuli as the indicator of the blink. To 
light flashes of sufficient intensity to give near- 
minimal delay in the retinogram the latency is about 
45 msec., various. peripheral cutaneous stimuli give 
similar values, while the response to clicks is rather 
quicker, about 35 msee. The experiments of Kugel- 
berg on the myotatic lid reflex have been repeated 
and show that the delay in the facial nerve (final 
common path) must be 5-6 msec.; this response can 
be facilitated by appropriately timed click or flash 
stimuli, the timing indicating that there is no con- 
vergence before the final common path. In conjune- 
tion with G. D. Dawson, using his averaging technique, 
the delay in the cortical response to flashes has been 
re-evaluated, the earliest response being at 25 msec. 


These results show that there is time for the blink 
response to a flash to travel by way of the visual 
cortex, contrary to the observations of Bickford on 
the photomyoclonie response. During the experiments 
the importance of conditions of startle in determining 
amplitude, but not latency, of the response has been 
very apparent, so that the case with which a response 
ean be obtained is a measure of the ‘‘set’’ of the 
subject. This observation may be compared with the 
view of Shagass that the photomyoclonic response 
‘‘involves a normal mechanism for which ease of 
elicitation varies in relation to degree of deviant 
cerebral excitability’’; in that it may be anatomically 
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more simple (the myotatic response) or complicated 
at will by paired stimuli to different systems, it is 
possible that study of the blink response might be 
rewarding as an indicator of one aspect of brain-stem 
reticular activity. 


5. EEG and vasomotor adaptation to repetitive 
stimuli during sleep. — G. PAMPIGLIONE and 
BriAN ACKNER, Maudsley Hospital, London. 


The usual EEG response to a mild alerting stim- 
ulus during sleep is an immediate K complex. This is 
often followed by a digital vasoconstriction with a 
delay of 3-4 sec. In our preliminary observations, re- 
ported to this Society two years ago, we noted that 
when a stimulus was repeated more than 2 or 3 times 
the above mentioned responses tended to disappear. 

In order to understand whether adaptation phe- 
nomena might occur at the same time both in the 
EEG and in the finger plethysmographic responses, 
17 subjects were studied with a method reported by 
us elsewhere. A tone of fixed pitch, intensity and 
duration was presented to the sleeping subject every 
20 sec. while continuous EEG, finger plethysmographiec 
and respiratory records were taken. The stimulus was 
repeated 20 times and then no more. 

The EEG and vasoconstrictor responses appeared 
fairly parallel for the first 2 or 3 stimuli but later 
showed considerable independence in that one response 
might appear without the other. If however both 
responses were present the delay of the, vasoconstrictor 
response in relation to the K complex was constant 
(3-4 see.). 

The lack of appearance of the K complex follow- 
ing the stimulus was considered as possible evidence 
of adaptation, but conditioning phenomena to the 
fixed time interval soon commenced to appear. EEG 
changes indistinguishable from K complexes, often 
followed by vasoconstriction with the usual delay, 
began to appear just before the expected stimulus, 
particularly between the 8th and llth repetition 
(anticipatory responses). EEG changes similar to the 
above often occurred after the series of 20 stimuli, 
at about the time when the 21st stimulus was due, 
though never given. 

A common feature was that adaptation phenom- 
ena, as judged by the lack of response to a stimulus, 
did not usually last for more than 3 or 4 stimuli. The 
K complex and/or the vasoconstrictor response would 
then appear either following the stimulus (loss of 
adaptation), or just preceding it (anticipatory re- 
sponse), though there was no constant relationship 
between these phenomena. There were considerable 
variations between subjects, but the phenomena re- 
ported were observable whether sleep was spontaneous 
or induced by barbiturates. 


6. An investigation of the suppressive effects of 
novel stimuli on a 4 to 5 c/sec. temporo-occi- 
pital discharge in the EEG of an adult woman. 
— A. L. Winter, Burden Neurological Institute, 
Bristol. 


A woman, aged 46, was referred for EEG studies 
with a history of major attacks for the past 24 years. 
Eighteen months ago she had a right Bell’s Palsy 
from which she subsequently recovered; there was 
no apparent connection between this latter Ailment 
and the other features of her condition. 

The records were complex; the principal com- 
ponent was a rhythmic 4 to 5 ¢/sec. temporo-occipital 


discharge which was not synchronous in the two 
hemispheres. It was noticed at once that the slow 
rhythms were suppressed for a short time by sudden 
noises, requests to shut the eyes and by opening the 
eyes. Trials were made to define the nature of the 
stimuli which were most effective as ‘‘alerting’’ 
agents. Any form of mental effort suppressed the slow 
rhythms at first but with repeated trials the effect 
wore off; it could be restored by reintroduction of 
a novel feature. The extent of the effect could be 
measured with the wave analyser and plotted on a 
suitable graph. 

It is suggested that in this case the bilateral 
responsive slow rhythms may indicate the action of 
a mechanism capable of deriving a measure of ‘‘sur- 
prise’’. 


7. The role of non-specific cortical projections in 
the structure of the EEG of psychomotor 
seizures. — HENRI GASTAUT and MICHELINE 
Vicouroux, Faculté de Médecine, Marseille, 
France. 


The material was provided by observations and 
recordings of 500 psychomotor seizures occurring 
spontaneously, or following over ventilation, flicker 
light stimulation or injections of Cardiazol or Megi- 
mide. The subjects presented temporal foci between 
seizures. The data so obtained are considered by us 
as being valid, for both spontaneous and evoked sei- 
zures in the same subject were comparable: there were 
no differences due to the method of producing a sei- 
zure. 

The results are remarkably complex for there exists 
an infinite variety of EEG appearances of such psy- 
chomotor seizures. However, they may divided roughly 
into the following groups: 

localized discharges revealing a spike rhythm oc- 
cupying the temporal region (anterior and central 
temporal electrodes) the occipital region (occipital 
electrodes, posterior temporal electrodes and accessory 
parietal electrodes). 

diffuse discharges consisting of waves progres- 
sively lengthening or shortening, more or less gen- 
eralized, over the two hemispheres but predominant in 
the fronto-temporal regions. 

complex discharges containing a combination of 
localized and diffuse discharges either independent or 
in association with other forms and in this last case 
with or without fixed phase relationships. 

All these discharges, which may be preceded 
by a localized or diffuse flattening, are remarkable 
for the length of their duration. 

The interpretation of these data is based upon the 
anatomical, clinical and electrophysiological correla- 
tions which we have carried out for our cases and 
also depends on experimental comparisons: 

the complex and long-lasting EEG appearances 
of psychomotor seizures depend upon discharges de- 
veloping successively in different sectors of the brain 
and in different cortical projections (Erratic dis- 
charges, Gastaut and Roger 1953) ; 

the amygdalo-temporal system is responsible 
for focal temporal discharges; 

the diffuse thalamo-cortical system is respon- 
sible for diffuse discharges: (i) the centro-medial 
portion of this system is responsible for discharges 
predominating in the frontal regions; (ii) the postero- 
lateral portion is responsible for discharges predo- 
minating in the occipito-posterior temporal regions. 
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8. Spatial and temporal identification of alpha 
activities in relation to individual mental states, 
by means of the 22-channel helical scan topo- 
scope. — R. Coorer, H. W. Suirton, J. SuHir- 
TON, V. J. WALTER and W. Grey WALTER, 
Burden Neurological Institute, Bristol. 


Technique 


Frequency differences of 0.02 ¢/see. in the alpha 
band have been resolved by the helical sean toposcope 
and use of 22 channels has enabled immediate visual 
auto-correlation and cross-correlation of rhythms from 
all parts of the head. 

Good frequency discrimination in the presence of 
noise permits the use of wide band amplifiers (6 db 
down at 200 c/sec.) and rhythmic signals having 
signal/noise ratio 1:1 are easily discernible. 

Correlation periods up to 10 sec. are used and 
the system has proved a useful complement to the 
Walter Analyser. 

Selection of suitable scanning rates allows the 
study of frequency and spatial distribution of har- 
monics in the presence of the fundamental. 


Observations 

1. Resting records from normal show consistent 
individuality of alpha distribution and frequency 
within 0.05 ¢/sec. over periods of minutes, even when 
there is evidence of several alpha sources. In some 
individuals the frequency of an alpha source may 
vhange abruptly by as much as 0.5 ¢/sece. 

2. The method is particularly suitable for study- 
ing the fine structure of the characteristic individual 
response to a variety of stimulus situations. 

3. Illustrations will be given of these characteris- 
tics together with the influence of Meratran, LSD 25, 
and other drugs. 

4. Use of the system with pattern flash stimula- 
tion facilitates distinction between spontaneous rest- 
ing activity, spontaneous activity synchronised by 
specifie stimuli and responses evoked by photic stim- 
ulation. 

5. Experiments are in progress to test hypotheses 
relating the identity of alpha activities to specific 
physiological functions. 


9. Awareness, consciousness, the brain stem reti- 
cular formation and the EEG. — S. L. SuHer- 
woop, National Institute for Medical Research, 
N.W.7. and Severalls Hospital, Colchester. 

1. Awareness or consciousness can be impaired or 
abolished by more or less extensive or diffuse lesions 
in many parts of the brain, by equivalent chemical or 
pharmacological damage or by electric currents. 


2. Similar but more critical effects can be ob- 
served if the same agents are employed by confining 
them to a minimal volume of brain tissue and at a 
strength a fraction of that used to produce such 
effects at a higher, i.e. more rostral level; in the case 
of lesions some sites in the diencephalon are particular- 
ly sensitive. 

3. Appropriate experimental and clinical data 
show that in the case of a pre-existing experimental 
lesion or dysfunction, or in the case of clinical dys- 
function, specific signs or symptoms may be reversed 
by agents affecting these sites. 

4. A range of electrophysiological concomitants 
to these events is known from experimental work; 
although equivalent information in corresponding 


human clinical states is at present statistically in- 
sufficient, it is clear that the data available show 
similar trends. 

5. The role of the brain stem reticular formation 
in relation to consciousness, awareness and related 
EEG findings is more complex and variable than that 
implied by ‘‘general activation’’, which occurs with 
somewhat gross means. In addition to our own data 
obtained from the intraventricular injections of drugs 
in animals and patients, the work of Starzl, Taylor 
and Magoun, of Sprague, and more recent work of 
Gellhorn and his associates, and of Ingvar and So- 
derberg shows that the nature of the influence of the 
brain stem reticular formation on behaviour can be 
subtle and specific. Hess’ conclusions regarding these 
effects are that the brain produces ad hoe functional 
systems possibly involving a great number of struc- 
tures within the brain which result in the complex 
reactions of a particular kind of behaviour. 

6. What we are left with then is that the brain 
stem reticular formation as such has an important 
function as an integrator and an analyser of complex 
information. It is evident that time course, recovery 
cycles, thresholds and coincidences in this system are 
of utmost importance, for what we can observe with 
electrophysiological methods including the EKG is that 
the electrical disturbances consist of an alteration of 
interdependence between different regions of the 
brain; thus, transmission may fail on account of 
failure of conduction or inability of the ultimate 
structure to respond. Therefore, both blocked trans- 
mission and excess synchronization may interfere with 
the proper processing of signals and such failure may 
occur either over a wide area of nonspecific tissue or 
in a small area which holds control over a wide area. 


10. Epilepsy and rheumatic fever. — MICHAEL JEF- 
FERSON, Queen Elizabeth Hospital, Birmingham. 


The question of a possible link between epilepsy 
and rheumatic fever has attracted no attention in re- 
cent times, although it was discussed by physicians 
of the 19th Century. In the last 2 years, 4 patients 
have been seen complaining of fits, in whom an ante- 
cedent history of rheumatic fever was discovered, with 
clinical evidence of residual heart lesions. A fifth 
patient had a history of rheumatic chorea. In none 
of these cases were there grounds for regarding the 
fits as secondary to cardiac decompensation. The 
occurrence of fits and rheumatic illness in them is 
most probably :a coincidental affair, but a direct 
aetiological link cannot be excluded a priori. It is 
conceivable that sometimes during the acute phase 
of rheumatic fever, rheumatic encephalitis (either 
manifest or subclinical) can produce lesions in the 
brain, which are capable of acting at a later date 
in an epileptogenic manner. The point can only be 
settled on a statistical basis. 


11. Sleep EEGs in psychiatric patients. — JEAN M. 
NICHOLSON and JoHN R. Knott, Division of 
EEG, Department of Psychiatry State Uni- 
versity of Iowa College of Medicine, lowa, 


U.S.A. 


Sleep recording was obtained in routine EEGs of 
162 unselected psychiatric in-patients. Similar record- 
ing was obtained in 218 patients referred with a 
possible diagnosis of convulsive disorder, and 59 pa- 
tients with other neurological disorders. The average 
ages of these groups were: 34 years, 28 years and 35 
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years, respectively. The youngest patient in each 
group was 12 years of age; a relatively greater pro- 
portion of cases between 12 and 20 years occurred in 
the convulsive group. 

Temporal sharp or spike activity was seen in 10 
per cent of the psychiatric group. Eleven per cent 
of the convulsive disorder suspect group, and in 10 
per cent of the ‘‘other neurological disorder’’ group. 
The 14 and/or 6 per sec. positive spike pattern was 
seen in 20 per cent of psychiatric patients, in only 
6 per cent of convulsive disorder suspects, and 9 per 
cent of ‘‘other neurological disorders’’. 

The psychiatric group was broadly subdivided into 
those with: (1) chronic brain disorders (N = 23); 
(2) psychotic disorders (N = 93). The incidence of 
temporal sharp or spike activity was: 22 per cent, 
11 per cent, and 7 per cent, respectively. The inci- 


dence of other sharp activity was: 4 per cent, 11 per 
cent and 3 per cent, respectively. Fourteen and/or 6 
per sec. positive spike activity appeared in: 0 per 
cent, 15 per cent and 28 per cent, respectively. 

The high incidence of the 14 and/or 6 per see. 
positive spike pattern in the psychiatric group (espe- 
cially the non-organic, non-psychotic patients, various- 
ly diagnosed as (a) psychophysiologic autonomic and 
visceral disorders; (b) psychoneurotic disorders; (c) 
personality disorders; and (d) transient situational 
personality disorders) would seem to warrant further 
exploration with particular reference to: (1) symptom- 
atology related to the pattern; (2) etiological relation- 
ships of symptoms and EEG; (3) efficient avenues 
of therapeutic approach to psychiatric patients pre- 
senting 14 and 6 per sec. positive spikes in their 
EEGs. 
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1. The theta rhythm as an index of frustration. — 
LEE EDWARD TRAVIS and EppIE JOHNSON, Univer- 
sity of Southern California, Los Angeles. 


For this study two groups of children were used 
as the subjects; 33 young deaf children, and 33 match- 
ed aurally unimpaired children. Frustration was 
operationally defined as the snatching away of a 
eandy sucker that the child had selected as his 
favorite sucker and upon which he was sucking at 
the moment of withdrawal. EEG data were secured 
under the condition of resting, sucking, frustration, 
and post-frustation. Theta waves were induced by 
frustation in all subjects. The deaf children gave 
theta waves for a very significantly longer period of 
time in the post-frustration period than did the nor- 
mally hearing children. It was concluded that the 
theta rhythm is a valid measure of frustration tole- 
rance in young children. 


2. Effects of dietary treatment on the electro- 
encephalogram in a case of phenylketonuria. — 
CHARLES L. YEAGER and JOHN I. LANGDELL, Uni- 
versity of California School of Medicine and the 
State of California Department of Mental 
Hygiene, The Langley Porter Clinic. 


Phenylketonuria is an inherited disorder of metab- 
olism characterized clinically by mental retardation in 
association with the excretion of phenylpyruvie acid 
in the urine. Other clinical signs that might be present 
include fair hair, blue eyes, microcephaly, widely 
spaced incisor teeth, eczema, hyperreflexia, muscular 
rigidity, a flexed posture with short gait, hyperkinetic 
finger movements, generalized hyperactivity and con- 
vulsive seizures. \ 

The inborn error of metabolism is determined by 
an autosomal recessive gene, resulting in an enzyme 
defect in the liver blocking the normal conversion of 
phenylalanine to tyrosine. As a result, high levels of 
phenylalanine and its metabolites accumulate in the 


body. On the premise that the mental disorder might 
be the result of toxic effects of these substances on 
the developing brain, diets low in phenylalanine have 
recently been employed in treatment. Reports of elin- 
ical improvement with dietary treatment support the 
hypothesis that the mental defect is a result of the 
metabolic disturbance and can be treated by bio- 
chemical means. 

We have observed electroencephalographic and 
clinical signs of improvement in a 2 year-old phenyl- 
ketonuric boy during treatment with a_ restricted 
phenylalanine diet. 

The diagnosis was established at the age of 16 
months by finding phenylpyruvie acid in his urine. A 
low phenylalanine diet was started at age 19 months, 
and a month later his EEG showed quantitative im- 
provement on comparison with two electroencephalo- 
grams obtained before treatment. The original records 
showed a severely dysrhythmic, paroxysmal, slow re- 
cord with spikes and domes and no normal basic 
rhythm, which meets the description of the severe, 
persistent spike and wave activity in children known 
as hypsarhythmia. After a month on the diet, the 
record showed the spike and wave activity to be 
noticeably reduced and occurring in short chains with 
relatively normal areas interposed. Three subsequent 
EEG’s during dietary treatment have shown sustained 
improvement over the pre-diet records. 

There has been clinical improvement in the form 
of a change from a lethargic, unresponsive child who 
seemed deaf and blind to an alert, smiling boy who 
obviously can see and hear. While he was unable to 
sit without support before treatment, he is now able 
to sit up. A tendency to ankle clonus and a Babinski 
sign also disappeared. 


Biochemical, genetic, and electroencephalographic 
studies of other members of the family are under 
way. The mother’s electroencephalogram has shown 
paroxysmal dysrhythmia of a non-specific type and of 
moderate degree. 
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3. Some technical notes on monopolar and bipolar 
recording. — G. L. Mowery and A. E. BENNETT, 
Herrick Memorial Hospital Electroencephalo- 
graphic Department and the A. E. Bennett 
Neuropsychiatric Research Foundation, Berke- 
ley, Calif. 

Four factors of the monopolar and bipolar tech- 
niques, inadequately treated in the literature, are not 
thoroughly understood. 

I. The reason for reduced amplitude in the electro- 
encephalogram when recording between closely spaced 
electrodes. 

The amplitude changes that occur as the distance 
between the two recording electrodes is varied are 
not solely due to the distance factor, but to (1) the 
voltage of the electrical activity over each area and 
(2) the phase relationship between the electrical 
activity being recorded from each area. 

II. The effect of ear electrode resistance in mono- 
polar recording. 

Some instruments use a switch to tie the ear 
electrodes together, and both ears are then used as 
a common reference point. But the resistance of the 
electrode contact of both ears is usually not equal. 
The instrument, even though set to record from both, 
records mainly from the ear with the lowest resistance, 
especially if the electrodes are attached by paste. 
This results in a decrease in amplitude of the record- 
ing over the temporal lobe on the side of low resist- 
ance ear contact. 

III. A low mid occipital electrode used as a 
reference. 

In certain cases of low temporal lobe lesions or 
psychomotor epilepsy, a generalized abnormal pattern 
ean be avoided and the pattern correctly interpreted 
by using a centrally located common reference point 
such as the low mid occipital area to check the amount 
of electrical activity at the ear. This reference point 
is of most value during the drowsy phase of sleep 
when the alpha rhythm has dropped out. 

IV. The effect on the EEG of using an active ear 
electrode as a reference. 

If, in cases of temporal lobe epilepsy, a negative 
spike discharge occurs at the ear lobe that is used 
as a common reference, a positive deflection will be 
recorded from all channels except from the focal area 
where a negative deflection appears although reduced 
in amplitude. Three further questions regarding the 
reasons for the direction of pen deflection are raised. 

Recording between closely spaced electrodes or 
using an active ear reference electrode must therefore 
be done with caution. In order to avoid complete 
cancellation of abnormality over the temporal lobe, 
several different common reference points such as the 
low mid occipital, vertex, ears or average reference 
point should be used at the beginning of the recording. 


4. Some clinical correlation of 14 and 6 per sec. 
spiking activity. —- RicHarp D, WaAttsErR, Uni- 
versity of California, Los Angeles. 

Positive spiking at a repetitive rate of 14 and 6 
per sec. has been reported as an abnormal finding in 
some children with a variety of clinical states ranging 
from gross central nervous system disease to behavior 
disorders. The neurophysiology of this finding re- 
mains speculative and little is known concerning its 
development. The onset and appearance of 14 and 6 
per sec. spiking activity was studied in one ease, fol- 
lowing known central nervous system anoxia. After 
an anesthetic accident the patient remained comatose 
for 24 hours. Her neurological findings gradually 


improved over a period of weeks, during which time 
serial recordings revealed the onset of 14 and 6 per 
sec. activity. The clinical status of 20 cases in which 
this electrical finding has been observed fails to 
reveal any single, common, characteristic. 


5. The electroencephalogram in forensic (crimi- 
nology) alcoholism. — A. A. MaArinaccli, Uni- 
versity of Southern California, Los Angeles. 


This report is limited to the EEG’s of patients 
with the history that alcohol was alleged to be the 
exciting cause of convulsive seizure, altered conscious- 
ness, a fugue state, abnormal rage, a ‘‘blackout’’ or 
automatism (psychomotor epilepsy) which resulted 
in automotive manslaughter, use of firearms with 
fatal results, robbery or other antisocial acts. Be- 
cause this is a sporadic occurrence, the routine brain 
wave is usually normal. It was thought that giving a 
specified dose of alcohol as a test following the rou- 
tine brain wave might bring out some latent abnormal 
epileptic discharges. It would therefore be possible 
to express an opinion with reasonable medical cer- 
tainty that aleohol was responsible for the altered 
state of consciousness in such an individual. The 
criminal or antisocial act was likewise a result of a 
minor degree of alcoholism. 

Materials. — Sixty-nine individuals who claimed 
that alcohol altered their consciousness with consequent 
antisocial acts were studied in this series. A routine 
EEG was taken first and was then followed by an 
EEG after administration of alcohol by mouth. 

Of the 69 patients, 13 showed electrical seizure 
discharges after the administration of alcohol. 

It is pertinent to point out the legal significance 
of this picture for any such episodes that had resulted 
in manslaughter, fatal shooting or other antisocial 
behavior. In a large majority of the cases, in addition 
to the clarification of the clinical diagnosis, the elec- 
troencephalographic study was called upon to answer 
the question: ‘‘Was this patient suffering from an 
epileptic seizure or from some other abnormal cerebral 
state which rendered him unconscious of his environ- 
ment, making his acts automatic and without volition, 
thereby depriving him of reason so that he was un- 
aware of the wrongfulness of his acts and unable to 
comprehend the nature and the quality of his acts ?’’. 
In order to answer such a question in the affirmative, 
the electroencephalograms had to be definitely ab- 
normal after ingestion of alcohol. 

General considerations. — There is the possibility 
that in some individuals the ingestion of alcohol lowers 
the convulsive threshold to a degree which varies 
between a few subclinical electrical seizure discharges 
on one hand to actual convulsive spasms on the other. 
The following factors must be taken into considera- 
tion in the evaluation of each case: 

(1) The post-aleohol tracings were made over a 
longer period than the routine EEG’s. 

(2) Coincidence must also be considered as a pos- 
sibility. 

(3) Sensitivity to alcohol as well as toxicity from 
contaminants in the aleoholic beverage such as wood- 
worm oil may have affected the findings somewhat. 

We find therefore that a predisposition to abnormal 
cerebral states as well as other factors appear to be 
involved in bringing out clinical seizures whether it 
may be one, two or three in the lifetime of the indi- 
vidual. 

Conclusion. — One should not conelude that every 
person who drinks alcohol has epileptic seizures nor 
that alcohol is the only cause of an isolated seizure 
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for isolated epileptic seizures may be observed under 
many circumstances. The writer does not recommend 
the use of alcohol as an activator of potential dys- 
rhythmia. It should be used only in specific cases 
in which the alcohol is alleged to be the cause of some 
antisocial act. 


6. The EEG effects of intracarotid Hypaque. — 
EL_pon L. Foittz, LAwrRENcE M. Knopp and RI- 
CHARD P. ScHmipT, University of Washington, 
Seattle. 

The electroencephalographie effects of 50 per cent 
Hypaque sodium injected into the carotid artery on 
one side has been studied in a series of 12 patients. 
The pre-injection EEG studies showed that 3 cases 
had delta foci secondary to tumor, 3 cases had delta 
foci secondary to vascular disease, 3 cases had spikes 
or sharp wave activity from cerebral cicatrix, and 3 
cases were essentially normal EEG. In all instances, 
the patients were suffering fror: definite neurological 
disease, and none were considered clinically normal in 
spite of a normal EEG. 

The Hypaque injections were done in the manner 
identical to the injections of cerebral arteriography, 
except that the EEG was running continuously with 
adequate controls before injection, after the needle 
was in place in the artery, during and following 
injection of the Hypaque, and during and following 
injection of equal amounts of control solutions. 

The clinical safety of Hypaque as a cerebral 
angiographic contrast medium is supported by the 
relatively benign changes induced in the EEG by the 


intracarotid Hypaque. These changes are presented 
and discussed in light of the effect of Hypaque on 
the basic EEG activity in each group of cases. The 
effects of the injections on the pulse rate and re- 
spirations are likewise recorded and discussed. 


7. Further electroencephalographic correlations be- 
tween pathological intoxication and _ psycho- 
motor epilepsy. — GrorGce N. THompson, Los 
Angeles. 

Further evidence for the relationship between 
pathological intoxication and psychopathic personality 
is seen in some cases of psychomotor epilepsy. The 
evidence, particularly electroencephalographic, points 
to the fact that the disorders are essentially identical. 
This interesting association of some cases of psycho- 
pathic personality with psychomotor epilepsy and 
pathologic alcoholic intoxication indicates that path- 
ologic alcoholic intoxication and psychomotor epilepsy 


‘may be the same disease under two different names. In 


the one case (psychomotor epilepsy) psychomotor epil- 
eptic attacks simply occur spontaneously; in the other 
(pathological intoxication), psychomotor attacks occur 
under the stimulus of alcohol. A number of patients 
with sexual psychopathy behave as is they had psy- 
chomotor attacks. As a matter of fact, there have 
been patients who have engaged in extremely bizarre 
psychopathic behavior and later had no recollection 
of it; these eases are so similar to cases of psycho- 
motor epilepsy that there is essentially no clinical dif- 
ferentiation. However, it is only some cases of sexual 
psychopathy that fit this pattern. 
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1. The effect of positive acceleration with hyper- 
ventilation on the EEG. — H. P. Brent, T. J. 
Powett and J. W. Scort, RCAF Institute of 
Aviation Medicine, Toronto, Canada. 
Unexplained periods of brief unconsciousness, oc- 

curring in RCAF jet aircrew during flight, have been 

under investigation at the Institute of Aviation 

Medicine, Torontc. Circumstances surrounding these 

incidents are subjected to a close scrutiny and the air- 

man is examined medically, and subjected to stresses 
similar to those encountered in flight. 

During these investigation routine EEG’s are re- 
corded under conditions of rest, during hyperventila- 
tion, during positive acceleration and during a com- 
bination of hyperventilation and positive acceleration. 
These studies are made in both the fasting and the 
post prandial state. Samples for blood sugar deter- 
minations were obtained at the time of each test. The 
routine was arranged so that hyperventilation was not 
repeated in less than an hour to avoid any possible 
cumulative effects. \ 

At first serious technical difficulties were en- 
countered since the EEG cable was over 60 feet long, 
and interrupted by a commutator ring. 

The results indicate that the EEG is more stable 
in the post prandial than in the fasting state. Some 


men show no slow activity with hyperventilation alone, 
but when subjected to hyperventilation combined with 
positive acceleration, slow waves are induced. Others 
who show slow waves with hyperventilation will show 
them much more rapidly when subjected to positive 
acceleration. 

It is coneluded that the stresses produced by 
hyperventilation and positive acceleration are additive, 
and combined may be sufficient to interfere with 
cerebral function, while either stress alone has no 
demonstrable effect. 


2. The pattern of inheritance of cerebral light 
sensitivity. — C. WersLEY Watson and SHER- 
woop Davipson, Boston, Mass. 

In certain individuals, otherwise well, many af- 
fected by chronically recurring seizures, and among 
their relatives there was evoked by flickered light fal- 
ling on the retina an unusual cerebral electrical change 
the characteristics of which were defined. Such indi- 
viduals and relatives were termed ‘‘ light sensitive’’. 

An analysis of the pedigrees of 43 families com- 
prising 155 tested individuals revealed: 1. 62 per cent 
of the families had one or more light sensitive relatives 
other than the propositus. 2. Penetrance within a 
family was high, if variable, with up to 100 per cent 
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of a sibship of four affected. 3. Three consecutive 
generations were affected. 4. The trait affected males 
and females equally. 5. The trait was not sex-linked. 
6. Presence of the trait was independent of a com- 
monly shared environment. 

Defined cerebral electrical changes evoked by 
flickering light occurred in 36 per cent of 112 rel- 
atives (only) of 43 propositi but in only 2 per cent 
of a control series of 100 individuals, indicating both 
the abnormal and familial characteristics of the con- 
dition of which the evoked cerebral electrical changes 
were a manifestation. The hereditary character of 
the trait was demonstrated by the distribution within 
the pedigrees. 


3. Reflections on the spike and wave complex in 
cortical and centrencephalic seizures. — Her- 
BERT H. JAsPeR, Montreal, Canada. 

The physiology and functional anatomy of the 
spike and wave complex remains poorly understood 
despite extensive investigation. Much confusion has 
arisen from the identification of the electrical pattern 
itself with petit mal epilepsy; as it may be seen also 
in focal cortical seizures. The spike and wave is 
always a cortical potential complex and may be more 
less determined by functional properties within the 
cortex itself. However, there is no known mechanism 
to explain how otherwise normal cerebral cortex in 
frontal and parietal areas of both hemispheres can 
suddenly and simultaneously be made to give rise to 
such a regular rhythmic discharge, symmetrical from 
the two hemispheres, if it were to be of uniquely 
cortical origin. Seizures of known cortical origin do 
not behave in this manner. The more closely inter- 
connected network of neurones in the thalamus and 
brain stem, with diffuse bilateral projections especial- 
ly marked in frontal and parietal cortex, seems most 
probably involved in the mechanism of the petit mal 
attack, and probably also in its origin, since this 
mechanism is capable of the sudden reversible effects 
upon consciousness which characterize these seizures. 

Cortifugal projections producing secondary bi- 
lateral synchrony, especially from parasaggital and 
orbital frontal regions, are of major importance in 
some cases. Transcortical and commisural connections 
are of importance in the ‘‘synchronization’’ of epilep- 
tic discharges simulating the petit mal form (slow 
spike and wave, ete.) in patients with extensive dif- 
fuse bilateral cortical epileptogenic lesions, but this 
is not petit mal epilepsy. 


4. A combination of EEG findings which correlate 
with psychiatric disturbances. — Ernst A. 
Ropin, Ann Arbor, Mich. 

It is well known that patients who have electro- 
encephalographically marked focal abnormalities in 
one or both temporal areas have frequently, in addi- 
tion to ‘‘temporal lobe’’ seizures, severe interictal 
psychiatric disturbances. On basis of the focal EEG 
findings alone one can not predict at the present 
time whether the patient’s personality structure is 
likely to be intact or severely interfered with. It was 
observed that there exists a group of patients who 
have, in addition to the marked focal changes in their 
EEG’s a diffuse slowing of the background rhythms. 
The alpha rhythm is in these instances largely re- 
placed by medium voltage 5-7 ¢/sec. activity. Eleven 
patients were observed during the period of November 
1, 1955 to October 31, 1956 who met the mentioned 
criteria in their EEG’s. All of them showed clinically 
marked psychiatric disturbances. As a control study 


all EEG’s which had been obtained during the year 
of 1951 in this laboratory were screened for the men- 
tioned syndrome without knowledge of the clinical 
condition of the patients. Twelve records were found 
which fit into the described category. Subsequent 
review of the clinical charts on these patients showed 
findings which were quite similar to the group of 
patients seen during the year 1955-56. The findings 
will be discussed in detail as well as their possible 
etiologies and their significance for the electroenceph- 
alographer. 


5. Sphenoidal electrodes: An effort toward their 
 aammaeiaai — CurTis MARSHALL, Baltimore, 
Md. 

A simplified technique is presented which should 
make these basal electrodes readily available in all 
clinical laboratories of electroencephalography. Stan- 
dard sterile non-insulated i.v. needles are used with 
single strands of sterile insulated wire to obtain 
artifact free precise identification and localization of 
the electrical activity of the inferior aspect of the 
temporal lobes. 


6. The electroencephalogram in subacute inclu- 
sion encephalitis. — Gmspert H. Graser, Yale 
University School of Medicine, New Haven, 
Conn. 

Electroencephalograms are described of two mid- 
dle-aged women (ages 56 and 57) with pathologically 
verified subacute inclusion encephalitis. Both had 
similar clinical pictures manifested by progressive 
organic mental deterioration but not seizures. The 
EEG of each was characterized by diffuse theta and 
delta waves mainly from the frontal and temporal 
regions, with a unilateral preponderance, correlated 
in one instance with focal neurological symptoms. 
Both recordings also contained periodic episodes of 
high voltage 2-4 c/sec. waves appearing synchronously 
from all areas, recurring every several seconds, and 
in one case having the appearance of repetitive com- 
plexes. The development of these periodic discharges 
is shown during a ten day period associated with rapid 
mental deterioration. 

The EEG alterations are similar to those previously 
reported as being specifically characteristic for sub- 
acute progressive encephalitis with or without inclu- 
sions. These earlier cases were in children and adoles- 
cents, and almost all had seizures. The present cases 
indicate the occurrence of the disease and EEG phe- 
nomena in the middle-aged, correlated more with the 
intensity of diffuse cerebral dysfunction with demen- 
tia and not seizures. The EEG abnormalities are 
probably non-specific since they appear in a variety 
of diffuse encephalopathies especially of metabolic 
and encephalitic origins. 


7. The lack of necessity for sleep in the EEG or 
ECG diagnosis of temporal seizures. — P. 
Gtoor, C. Tsai, F. HAppAp and H. H. Jasper, 
Montreal, Canada. 

The EEG records of 189 patients who underwent 
temporal lobectomy for seizures in the years from 
1939-1956 were analysed. The pre-operative EEGs in 
these patients were reviewed and the effectiveness of 
sleep and wake records compared in all cases in which 
sleep was recorded. In 163 out of these 189 patients 
the EEG diagnosis was made without necessity to 
resort to a sleep record. This represents 86.2 per 
cent of the total number of cases. In only 11 of these 
patients Metrazol activation was necessary to arrive 
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were encountered in 10 patients (6 of whom had fast 
activity induced in their EEG’s) and to a lesser 
degree in 12 other patients. Comparative figures and 
illustrative tracings will be presented. It was con- 
cluded that Placidyl is a safe and effective sleep- 
inducing for in-patient use, but that because of the 
possibility of distressing subjective symptoms upon 
early arousal, Dormison is preferable for out-patients. 


12. Clinical and EEG evidences of cycloserine activ- 
ity on the central nervous system. — Lewis L. 
Levy, West Haven, Conn. 

Clinical observation and serial EEG examination 
of 24 patients, during the course of treatment for 
pulmonary tuberculosis with cycloserine, has been car- 
ried on for the past two years. The drug previously 
reported to cause convulsions in humans, caused sei- 
zures in 8 of the 24 patients. A total of 16 patients 
reported toxic symptoms referable to the CNS; leth- 
argy, dizziness, ataxia, behavioral disorder. In 13 of 
the 24 series of EEG examinations there was change 
from alpha rhythm to slowing of alpha, or theta and 
delta frequencies. There was no clear association of 
EEG change to clinical symptoms. 

An additional group of 7 patients previously fol- 
lowed after cerebral infarction were given cycloserine 
for three to five days. In these cases delta foci were 
reproduced without significant change in the neurol- 
ogic status of the patients. 


13. EEG changes during prolonged administration 
of low, graded concentration of ether. — Harry 
A. KAPLAN, BENTON D. KinG and STANLEY W. 
WEITZNER, Brooklyn, N.Y. 


Investigations were undertaken to study the EEG 
and the behavior patterns resulting from the admin- 
istration of low, graded, concentrations of ether. 
Continuous electroencephalographie recordings, simple 
psychological assessment, and gross sensory testing 
were utilized for evaluation. Ten patients were given 
slowly increasing, and then slowly decreasing precisely- 
graded concentrations of ether over a period of several 
hours. The general pattern of the electroencephalo- 
gram in most of the cases showed progressively the 
following changes as the ether concentration was being 
increased: (1) a dropping out of alpha waves; (2) 
an increase of slow activity; (3) a lowering of the 
voltage; (4) an appearance of beta waves; (5) an 
increase in the number of slow waves with a dropping 
out of beta waves. High voltage slow waves appeared 
with the development of surgical anesthesia. As the 
ether concentration was decreased, the electroenceph- 
alogram returned to the pre-ether pattern in the 
reverse of the order stated above. There were no 
constant correlations between electroencephalogram 
pattern and behavioral response and the non-anesthetic 
concentrations of ether employed in the study. 


14. Cortical D. C. changes accompanying recruiting 
responses. — SIDNEY GOLDRING and James L. 
O’Learey, St. Louis, Mo. 


Observations were made in cat and rabbit, with 
attempt to control the anesthesia factor as far as 
possible. The midline nuclei of the thalamus were 
stimulated with bipolar electrodes, with transcortical 
recording (surface-reference) from the anterior fron- 
tal cortex of the rabbit and the anterior suprasylvian 
gyrus and gyrus proreus in the cat. Stimulating and 
recording electrodes were positioned to obtain a sur- 
face negative recruiting response upon repetitive stim- 
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ulation. A potentiometer in series with the animal 
and amplifier was used to balance the steady potential 
(SP) across the cortex, permitting monitoring of 
change in baseline with a convention electroenceph- 
alograph short-circuited 8 times per second. Quick 
transients, single or recruited, activated by stimula- 
tion and the accompanying D.C. changes were also 
recorded upon an oscilloscope operating from a D.C. 
amplifier. 

In the lightly etherized rabbit a single response 
is followed by a negative after-effect which lasts 0.3 
to 0.4 see. With repetitive stimulation, each volley 
lasting one second, the after-effects summate with the 
result that the baseline shifts negatively during the 
period of stimulation and the negativity outlasts the 
latter for a longer period than the duration of a 
single after-effect. Increase in stimulus frequency 
2/sec. to 100/sec. progressively increases the ampli- 
tude of the baseline shift and the persistence of the 
post-stimulatory disturbance. With brief periods of 
stimulation at 100/sec. the negative shift amounts to 
500-700 wV. and returns to the pre-stimulatory level 
3-5 sec. after cessation of the stimulus. During after- 
negatively excitability as measured by recruiting re- 
sponse amplitude is reduced. With longer stimulation 
(10-15 sec.) the negativity falls off during stimula- 
tion and the baseline may even shift positively for 
5-15 see. During this positive shift excitability is 
also reduced. Occasionally with prolonged supra- 
maximal stimulation, cortical paroxysm is initiated 
which outlasts the period of stimulation. During such 
paroxysm SP remains negative, shifting positively 
with the termination of high-voltage synchronized dis- 
charge. This differs from the events ordinarily seen 
in recording from a cortical projection area during 
repetitive stimulation of the related thalamic relay 
nucleus. Results are essentially the same in anesthe- 
tized and unanesthetized preparations. 

In the cat, the slow potential phenomena are 
similar in general but differ in detail. Following a 
single stimulus in the decerebrate cat, the response 
is diphasic (negative/lower amplitude positive). When 
recorded with a D.C. amplifier the positive phase is 
observed to last 0.2 to 0.3 sec. A second response 
evoked during this positivity recruits, as does a second 
response during the negative after-effect in the case 
of the rabbit. With repetitive stimulation the base- 
line shift is negative at frequencies from 20-100 see. 
and occasionally so at 15-20/see. Below 15/see. either 
no shift occurs or the shift is positive, with return 
to prestimulatory level within 0.1 to 0.2 msee. With 
ether anesthesia both negative and positive phases are 
reduced in amplitude but the positive phase is affect- 
ed the more. Further the SP commences to shift 
negatively with stimulation at lower frequencies (10- 
15/see.). Overall, with repetitive stimuli to the mid- 
line thalamus a negative shift is more readily pro- 
duced in rabbit than in eat. 


15. Microelectrode studies of thalamic afferents to 
pyramidal cells of the motor cortex of the cat. 

— A. R. MARTIN and CHARLES L. BRANCH, Mont- 

real, Canada. 

Capillary glass microelectrodes have been used to 
record from single cells in the sensory-motor cortex 
of the cat. The investigation is limited to those cells 
whose axons lie within the pyramidal tract. This is 
determined by stimulating the pyramidal tract on the 
ventral surface of the medulla about 5 mm. caudal 
to the pons, and looking for antidromic responses in 
the cortical units. Stimulating electrodes were also 
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placed in the nucleus ventralis lateralis (V.L.) of the 
thalamus. A study was then made of the effect of 
this stimulus on the cortical cells. 

Almost all cells studied were spontaneously active. 
Their response to single shocks applied to V.L. was 
usually intermittent and action potentials, when they 
occurred, had latencies ranging from 0.5 to 30 msee. 
Likewise, response to repetitive stimulation of V.L. 
was highly variable. However, repetitive stimulation 
was always accompanied by a cessation of the sponta- 
neous activity, which remained suppressed for several 
seconds after stimulation had ceased. The duration 
of this silent period could be increased by increasing 
the frequency of stimulation, the optimum frequency 
being about 30/sec. Increasing the duration of the 
repetitive stimulation usually had only a small effect 
on the length of the silent period. 

It is unlikely that the cessation of spontaneous 
activity was due to inhibition or fatigue of the 
pyramidal cell itself because: (1) repetitive anti- 
dromic stimulation did not interfere with spontaneous 
activity and (2) the cell remained excitable anti- 
dromically during the silent period which followed 
stimulation of V.L. Responses to V.L. stimulation 
could also be obtained during the silent period, show- 
ing that the pathway from the thalamic nucleus to 
the pyramidal cell was intact. 

It is coneluded that stimulation of V.L., as well 
as exciting the pyramidal cells, has a specifie in- 
hibitory effect on other cells involved in the sponta- 
neous activity. The location of these cells is not as 
yet known, but records have been obtained from the 
sensory-motor cortex which show intracellular in- 
hibitory potentials following V.L. stimulation, in cells 
which are not excited antidromically by stimulation 
of the pyramidal tract. 


16. Blood pressure alterations secondary to amyg- 
daloid seizures. — O. J. ANpy, R. McC. CHINN 
and P. Bonn, Jackson, Miss. 

In a series of 30 unanesthetized cats, seizures 
were induced in the amygdala and its environs. Blood 
pressure and electroencephalographic recordings were 
made simultaneously. Cortical and subcortical elec- 
trodes were placed under local anesthesia. After-dis- 
charges were induced with electrical stimuli: 1 msec. 
pulse, 30 sec. frequency, for 5 sec. at 1% to 5 V. 

In over 90 per cent of the stimulations, there was 
a definite drop in the blood pressure which in most 
instances was between 20 to 35 mm.Hg. The depres- 
sion occurred with onset of stimulation and reached 
its maximum within 5 to 21 sec. after stimulation. 
In some instances a double dip occurred. The second 
of the two depressions was usually greater than the 
first. This change was found to correlate with the 
longer seizures. Pulse rate did not change appreciably 
during the after-discharge. However, there occasional- 
ly was a decrease in pulse pressure which was at the 
expense of its diastolic value. In one experiment 
there were very definite rises in blood pressure near 
the termination of the seizures. It is of interest to 
note that the seizures of shorter duration (less than 
10 sec.) had a tendency to produce a 5 to 10 mm. 
greater drop in blood pressure than seizures of long 
duration (over 10 sec.). 
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17. Diurnal variation in periorbitally measured eye 
potential level. —- CHRIsTINE Kris, Cambridge, 
Mass. 


Measurement of periorbitally recorded eye poten- 
tials for the simultaneous study of diurnal variations 
in physiological state, and of oculo-motor performance 
in response to visual stimulation, is demonstrated and 
its application to the study of alertness and sensory- 
motor responsiveness measured in terms of variations 
in precision and regularity of eye movement during 
successive target fixation and visual search, during 
different states of wakefulness is discussed. 

Eye-potential changes corresponding in size and 
sign to direction and distance between given pairs 
of points in an electrically controlled hemispherical 
visual field, are binocularly measured by means of 
bipolar pick-up from two pairs of non-polarisable sur- 
face electrodes placed equidistantly from each cornea, 
above-below, and laterally-mesially about each orbit. 
Vertical and horizontal eye motion components are 
separately and simultaneously recorded on 4 d-e and 
4 a-c channels. The relation between voltage changes 
obtained from eye position changes corresponding to 
controlled fixation shifts is evaluated with reference 
to potential level, which is defined as the size of 
potential change recorded during a standard (‘‘eye 
calibration’’) 60° fixation shift. 

Size of potentials between electrodes has been 
found to remain nearly linear with respect to angular 
magnitudes of optic axis rotation ranging from 
< 5° to > 60° in the horizontal, vertical and diagonal 
directions for test of up to 2% hours, when physio- 
logical and environmental conditions are not markedly 
varied. However, the constant of proportionality (i.e. 
slope of the curve of potential against visual angle) 
changes with the individual’s diurnal sleeping-waking 
pattern of responsiveness, and also with other induced 
physiological and environmental (eg: illumination) 
alterations. 

Characteristic patterns of variation over the diur- 
nal period and indicative of physiological condition 
have been found to oceur in potential level (— in the 
early morning hours, immediately after deep sleep, 
potential level is about that of the day peak). Related, 
but at present less predictable fluctuations include: 
(a) velocity of eye motion, (b) precision and regular- 
ity of target fixation (eg: overshooting and missing), 
(c) blink rate, (d) binocular coordination as con- 
trasted to asymmetry, and (e) liminal illumination 
threshold. 

A regular pattern of change in ‘‘eye calibration 
potential’? accompanying the process of light adapta- 
tion (and which resembles a damped oscillation last- 
ing approximately one hour, with high peaks at ten 
and thirty-five minutes) remains almost constant in 
shape and timing, but varies considerably in amplitude 
(a) with time of day, and (b) with level of illumina- 
tion. A shorter, single peaked dark adaptation pattern 
has also been found. 

A comparison of the efficacy of d-e versus a-¢ 
recording of eye position and of rate and distance 
of fixation shift can be obtained by inspection and 
by analysis of the data presented. 
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BOOK REVIEWS 
Edited by CHARLES E. HENRY 


PSYCHO-SURGERY AND MENTAL FUNCTIONS 


J. LE BEAU 
Masson & Cie, Paris 1954. One vol. 16 x 24 em., 429 pp., 8 fig., 


39 tables, 2 


Workers in neurophysiology must surely find this 
book of interest, representing as it does a most eare- 
ful analysis of experimental facts gathered by a 
neurosurgeon, aided by a team of specialists in all 
pertinent branches. 

The reader will find the book well-organized and 
profusely illustrated. It contains many original find- 
ings on the correlation between cerebral function on 
the one hand, and either the anatomy or the phys- 
iology (as investigated by surgery) on the other. 
These findings are given not only from the clinical 
point of view, but also from the psychological and 
electro-physiological as well. 

The book is divided into four parts of rather 
unequal importance: 

The first part of the book is an excellent con- 
densed inventory and eritical review of the present 
knowledge of the anatomy and physiology, principally 
of the frontal lobes, but also of the temporal lobes 
and the brain stem. In parallel with this inventory 
are classified the known clinical and psychological 
facts concerning neuroses and psychoses, as well as 
intractable pain. 

The second part is devoted to the treatment of 
mental disorders by psychosurgery, and will be 
especially of interest to the neurosurgeon and neuro- 
logist. The technique of the classical operations is 
described in three groups: operations on the frontal 
areas (leucotomies, sub-cortical sections, topectomies, 
sub-orbital resections, cingulectomies), operations on 
the temporal areas, and operations on the brain stem. 
At the end of the second part there is a most careful 
study of complications: their causative factors, their 
chronology, and their treatment, followed by a 
chapter on the readaptation and re-education of pa- 
tients who have undergone these operations. 

The third part — the most important, since half 
of the book is devoted to it — considers the results. 
Its first chapter treats the effect of lobotomies on 
psychoses, neuroses, and intractable pain. The next 
four chapters analyze very minutely the effect of 
‘*selective frontal surgery’’ on mental disorders and 
intractable pain. The results of different operative 
localizations are compared, and the indications for 
selective surgery are systematically given’’. 
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In two succeeding chapters, the results are re- 
ported for operations on the temporal regions, the 
diencephalon, and the mesencephalon, for mental ill- 
nesses, intractable pain, and for other purposes. 

The fourth and last part, which is titled ‘‘Re- 
search on the functioning of the frontal lobes’’, con- 
siders successively the knowledge gained from ob- 
servations of the post-operative syndrome, and that 
gained by extensive pre-and post-operative psyeho- 
logical interpretation of the anatomical-physiological 
relations of mental illnesses, the mode of action of 
psycho-surgery, and some mental and physical corre- 
lations. 

This remarkable work is closed by some general 
conclusions, a bibliography of about 350 references 
(English, German, Spanish and French), and an 
index. 

The book is based principally on the careful study 
of about 175 patients followed over the course of a 
number of years. Fifteen selected cases are given in 
particularly complete detail, and well illustrate the 
various types of operations. 

Le Beau extensively develops and defends his 
thesis of ‘‘Selective Frontal Surgery’’. He has been 
able to establish the existence of a certain number of 
anatomo-clinical syndromes by clinical observation 
and the extensive, intelligent use of specially adapted 
psychological tests of the type proposed by Eysenck, 
as applied to a wide variety of neurotic and psy- 
chotic patients. The modification in personality 
produced by operations in various regions of the 
frontal lobes gives the best indication of the pre- 
ferred type of operation in certain clinical syndromes. 
The seven best-defined syndromes are the following: 
resection of the dorsal convexity of the frontal lobe 
produces a combination of indifference, euphoria, and 
of instability without anxiety. A section more an- 
teriorly produces an affective indifference without 
anxiety. Sectioning of the anterior orbital surface 
is followed by a considerable inertia, and also by 
notable physical reactions to all stimuli. It produced 
also euphoria without excitation. Posterior orbital 
sections are accompanied by an extreme inertia, re- 
quiring feeding of the patient. Cingulectomies by 
contrast have a calming effect with a minimum of 
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irritation and agitation. Sectioning of the frontal 
pole, when not followed by diverse complications, pro- 
duce rather an euphoria with a melange of excita- 
tion and indifference. Finally, operations on the 
internal surface of the frontal lobes partake some- 
what of the syndrome of the base or of the con- 
vexity when one of these is touched by the section, 
and is accompanied by inertia or hypomania. 

Thus, thanks to the isolation of these seven syn- 
dromes, one should be able to apply the selective 
operative procedure to various psychological devia- 
tions, without danger of lowering intellectual ability. 
It may be noted especially that the operations on the 
convexity reduce neuroticism and introversion without 
modifying the psyche. The cingulectomies affect at 
the same time the neuroses and psychoses and do not 
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modify the equilibrium between extra- and intro- 
version. Interventions on the internal surface should 
have an intermediary indication. 

With ‘‘Psychosurgery and Mental Function’’ Le 
Beau has given the medical literature a classic of 
great value. The electroencephalographer can only 
regret that the team of specialists aiding Le Beau 
was initially formed when EEG was not yet a rou- 


tine procedure in the hospital of Paris. 


Considering the important place psychology now 
occupies, the precision of the clinical observations and 
the spectacular experimental approach to the problems 
of neurosurgery should make this book of importance 
to all interested in the neurological sciences. 


A. REMOND 


WANTED 


Opening for trained EEG technician in established laboratory of private clinic in 


Southwest. Salary open. 


May limit to half time if desired, or combine with other 


laboratory or research activity. Cultural and recreational advantages. Excellent clinical 
material. Contact Arthur Arnold, M.D., Lovelace Clinic, Alburquerque, New Mexico. 


FOR SALE 


Offner Type C Four-Channel EEG, eight years old. Electronically in good shape, cabinet 
only fair. Switching to new larger machine ourselves. Any reasonable offer considered 
— guarantee if desired. May be inspected. Paper and spare parts available if desired. 
Please reply to: THE EEG JOURNAL, 3801 University Street, Montreal, Canada. 
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THE ORGANIZATION OF THE CEREBRAL CORTEX 


D. A. SHOLL 


Methuen and Co. Ltd., London, and John Wiley and Sons Ine., New York, 1956, 
xvi + 125 pp., 12 plates, $4.25. 


This is another of a recent series of small books 
which attempt to throw light on the manner of func- 
tioning of the cerebral cortex. Of the others one 
might mention Bonin (Essay on the Cerebral Cortex), 
Ashby (Design for a Brain) and Walter (The Living 
Brain). In the present volume an attempt is made 
to determine the possibilities of a statistical approach 
in terms of probability theory. This attempt is made 
necessary by despair of comprehending, in the pre- 
dictable future, the intricate details of cortical 
structure. 

The author begins by reviewing the anatomical 
methods used to study the cortex, detailing their defi- 
ciencies. Although an enormous amount of informa- 
tion has been accumulated, it has not resulted in any 
clear conception of the mode of functioning. There 
is nothing to be gained by trying to summarize these 
chapters. The author’s account is already too con- 
densed. As he says himself, it has been necessary to 
choose and this necessity results in injustice to some 
methods, for example, the method of strychnine neu- 
ronography. The author establishes his main point, 
however, which is that however unfruitful these an- 
atomical studies have been for our understanding of 
the mode of operation of the cerebral cortex, an im- 
mense amount of accurate information has been ac- 
cumulated and no theory which attempts to account 
for its activity can be in contradiction with these 
anatomical details. 

The author then examine the attempts to apply 
quantitative methods to the cortex. He is equally 
critical of the deficiencies of these methods. He 
notes that they are tedious and often accumulate data 
which are of little interest because they do not bear 
on any obscurity which it is desirable to clear up. He 
notes that the difficulties are formidable and that, 
for many of the problems, no useful solution has so 
far been found. The margin of error is uncomfortably 
great so that the results of such a simple attempt as 
that of counting the numbers of neurones in the 
cortex gives figures which range from 1.2 ~ 109 to 
1.4 > 1010, 

In discussing the experimental studies of the 
Pavlov school, the author dismisses them briefly for 


two reasons: first, the rather childish theory on the 
basis of which Pavlov tried to explain the results; and 
second, on the ground that conditioned reflexes can 
be established in the absence of the cortex. It should 
be pointed out, however, that the second argument is 
illogical. It does not prove at all that conditioned 
reflexes are not normally established in the cerebral 
cortex; moreover this is all the more certain since, 
in the absence of the cortex, conditioned reflexes can 
be established only imperfectly and with great dif- 
ficulty. However childish Pavlov’s theory may be, 
any theory which purports to account for the activity 
of the cerebral cortex may not ignore or contradict the 
vast amount of factual data which the school of 
Pavlov has accumulated. 

Again, when the author discusses the results of 
lesions of the cortex in man he tends to simplify his 
problem and does not mention large parts of the 
parietal and temporal cortex where lesions produce 
constellations of symptoms well known to neurolo- 
gists, such as the aphasic syndromes, Gerstmann’s 
syndrome, Arnold’s syndrome and the like. These 
are all the more disconcerting because they tend to 
result from lesions of the left hemisphere in right- 
handed people although the corresponding areas of 
the right cortex have the same structure and, so far 
as we know, the same connections. 

However that may be, the author discusses the 
various theories which have been proposed in modern 
times by Lashley, Pavlov, Hebb, Ashby, Walter and 
others and notes their inadequacies. He then dis- 
cusses the mathematical theories, in which he is 
primarily interested, of Wald, Pitts and McCulloch, 
Cragg and Temperley, Sholl and Uttley, Beurle and 
others and admits that they are all highly speculative, 
but concludes that ‘‘any theory which attempts to 
account for the properties of the dynamic spatio- 
temporal system that forms the basis of our behaviour 
must employ statistical hypotheses’’. 

This small book can be warmly recommended as 
an introduction to those interested in the modern 
attempts to apply quantitive methods to the study of 
the cerebral cortex. 

PERCIVAL BAILEY, M.D. 
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